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1.0 INTRODUCTION AND SUMMARY

- ——

The Air FPorce's approach to solving the computer proliferation problem
ky specification of a standard instruction set architecture has great
rotential for reducing software develcgment and maintenance costs
while simultaneously capturing the benefits of technology infusion.
Realization of this potential can only be achieved, however, if
different implementations of MIL-STD-1750 do, in fact, precisely
represent the architecture. The importance of rigorous verification
that these representations are correct cannot be overstated. For
ttese reasons, 1IBM considers the successful implementation of a
MIL~-STD-1750 certification facility +to be a critically iamportant
€lement of the Air Porce's computer architecture standardization
effort. This study has been undertaken to assist in the
irplementation of that facility.

This study's purposes and goals follow:

. Investigate methods of verifying computers to an Instruction
Set Architecture and recommend a method suitable to SEAFAC
for certifying vendor prcduced implementations of
MIL-STD-1750,

. Make cost-effective use of existing SEAFAC resources.

. Strive for vendor/implementation independence.

. Reconmend a verification approach based on a cost trade-off
analysis.

. Provide sufficient descriptive information about the

reconmended approach so that the Air Force can:
- Plan future funding and personnel requirements.

- Write specificaticns for hardvare and software
necessary to support apgrcach.

- Contract for (or develop intermally) the necessary
facilities.K

The Air PForce has provided the following guidance regarding the
certification objectives:

1. The Air Force desires to maintain compatibility of support
software (this implies both assembler source code
compatibility as well as object code compatikility in what
is equivalent to the problem state).

2. The approach should address a spectrum of computers from the
microprocessor to the high performance stand-alone computer.
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3. The Air Force desires to maintain an open relationship with
vendors with regard to certification tflans, programs and
procedures.

4. The MIL-STD-1750 1Instruction Set Architecture User's Group
should be used as the vehicle for effecting changes to the
standard.

S. From a practical viewpoint, ¢the certification process for
each machipne should not exceed two weeks, based on ar eight
hour day.

6. The Air Porce does not desire to define a standard AGE
interface as an additional standard. However, it would be
acceptable to require scme wminimur functional capability, a
common I/0 interface, as well as a mipimum memory
configuration to support verification.

7. Oonly one vendor will be certified at a time.

e. Recertification is not planned. Hovever, retesting may be
v considered vhen operational rrcblems are identified or when
‘ errors or updates occur in the certification process.

, This guidance forms a basic set of assumptions wused in this
study.

This study investigates verification atgproaches. IBM has corducted a
literature search to identify any novel verification approaches arnd to
gather data from the public domain; the IPM Federal Systems Livisior
team members have visited other IBM locations to gather data about the
various approaches inside the corporation and have consulted with the
Owego exverts concerned with verification.

This document examines the following verification approaches:
L Acceptance Test Progran

- AN/AYK-15R

- ALAM
- User Oriented Micro Processor
. Random Instructions
. Analytical Research
: . Architectural Verification Program - System 360/370
o Diagnostic

1-2
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L Functional Test Progran
° Instruction Set Processor Specification
. Lockstep

The study methodology uses the following 3-step approach:

Step 1 Apply pass/fail criteria (i.e., feasibility) to each
approach.
Step 2 Measure each verification apgroach which survives the

pass/fail criteria for SEAFAC impact, time to perform a
verification test, non-recurring start-up costs,
recurring costs, and quality of the approach.

Step 3 Select the best approach under which SEAFAC wmay
implement the certification capability.

The recommendation of this study is a certification process which

, invokes two verification phases to provide a superior means of

‘ icplementing the certification facility. The first phase uses a
deterministic verification program based upon modifications to the
AN/AYK-15A ATP. These modifications delete non-MIL-STD-1750 features
and add additional tests where required. It is followed by the second
rhase in which randomly generated sequences of instructions are run on
a MIL-STD-1750 simulator and the machine under test: the results are
then compared to determine their validity.

The time estimate required to implement this certification process at
SEAFAC is a time period of a year and a half; the total cost estimate
for the certification process is $1,239,000 using 1979 dollars,
$70,000 man year rate, and other Air Force guidelines.

1-3 i
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2.0 SCOPE OF STUDY

t

g The objective of this study is toc determine the methodologies and

; identify the resources required to provide the Air Force with the

' capability of verifying compliance and certifying vendor produced
ccmputers to MIL-S5TD-1750. This study identifies ©flans, procedures,

| Fardware support iteas, support software items, interfaces, personnel,
and other resources required to provide ASC/ENASD Systems Engineering
Avionics Facility (SEAPAC) with the capability to deterpdine computer
instruction set compliance to MIL-STC=-17%0.

This study addresses various potential approaches to accomplishk the
certification process, and the identification of hardware, software,
interface, personnel, and miscellaneous rescurces required to suppgort
€each aoproaca. Each aprroach was evalvated considering tke present
capatilities of the wexisting SEAFAC facility. The advantages and
disadvantages of each aporoach, and their «cost impacts were -1lso
considered.

2.1 STUPY ACTIVITIES

The following summarizes the orogram tasks undertaken during this
study:

Task 1.0 Identify Approacles: Architecture verification
approaches were researched. Approaches used froo inside IBM FSD
and IBM coamercial were surveyed; the Acceptance Test Plan for
the AN/AYK-15A was included by direction of the Air Force; and a
survey of the literature describing activities ir the computer
industry vas coampleted.

Jask 2.0 Agalyze Air Force (SEAPAC) BResources: This task vas
undertaken to understand the existirg SEAFAC resources and
identify any newly required resources tased on the verification

approaches.

Task 3.0 Trade-0ff Of Approaches: This task was brokem into
rrincipally two sub-tasks. In the first sub-task pass/fail
criteria (such as feasibility) was applied to each of the
aporoaches. The aporoaches vwhich passed wvere then analyzed !
regarding their Non-Recurring Start~0p costs, and Recurring costs

in order to select the best verification apprroach or combinatioans

ot verification approaches.

Task 4.0 Develop Certificaczion Plap: A detailed gplar for the
recosaended approach was developed in this task in order to le

used as a guide for isplementing the verification <capabil.ty.

The plan includes detailed facility requirements and
configurations, a detailed mechanizaticn ¢flan describing how
vendors will be able to attain certification, suggested

2=1 {
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organizational structures for effective control of the
certification, detailed designs and procedures to test each
function, and impacts +to MIL-STD-175C which ©fpertained to its
testability.

Task 5.0 Produce Study Deliveralkles: This task results in a
draft fipal report, a final briefing, and a final report at
completion of the study in accordance with the Statement of Work.

2.2 PERSPECTIVE

The process of computer architecture verification, which is extresely
cconrlex for a single manufacturer, is further complicated for the Air
Force because the Air Force must deal with multiple manufacturers and
formally certify that a machine has passed the architecture
verification process.

The task of architecture verification is to [prove that a given
isrlementation of the architecture perfcrms all functions specifiegd,
and executes all combinations of those functions with clearly defined
results. This implies not only obtaining the desired results but also
ensuring that no other conditions except those specified are
rerformed.

Fcr example, MIL-STD-1750 states for single precision compare:

"The single r[frecision derived operand, DC, is
compared to the contents of Fa. Then, the
condition status, CS, is set Lased on vhether tbhe
contents of RA is less than, equal to, or greater
than the DO. The contents of FA are unchanged."

It is important to realize that statements like the above also iamply
that a npumber of unstated conditions (e.g., other status bLits,
reqgisters, etc.) are unchanged. Verifyinrg that unrelated cornditiorns
are not affected is as important as verifying expected results.

Items to be checked in each verification test include:

The function

Data patterns

All registers, both used and unused

All interrupts

Main Storage locations, both used and related
Condition codes set or unaffected

Exror indicators
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order of occurrence of predicted events
Interference due to simultaneous I/0 and/or interrupts

Each architectural verification method has associated with it a degree
cf quality, which is a measure of how gocd that methcd is at finding
inconsistencies between the hardware implementation and the
architecture specification. This quality nmay be viewed from three
different perspectives:

1. Completeness
2. Coverage

3. Confidence

2.2.2 Certification

Tte act of conferring certification has associated with it certain
liatilities. It is impcrtant that the study consider the procedural
issues of certification so that these liabilities are minimized. Some
examples of these procedural issues follcw.

While the ideal goal of certification is to ensure 100 percernt
ccepliance with the specification, experience and commcn sense suggest
ttat.this cannot be obtained at a reascnable cost, (as is discussed
later). As a result, less than perfect verification must be accepted.

It is likely that the initial certification capability which is put in
rlace wvwill be subject to improvements over time as experience is
gained. Because of a lack of maturity, the verification process as
first implemented wmay falsely indicate compliance and allovw a
deviation to escape detection. Suppose that Machine A, which has been
granted certification, is later retested and found to be
non-representative of the architecture. It is reccmmended that a
process be put in place to document ¢this variance and publish that
information to any potential user.

The architecture specification itself is not fixed for all tinme.
Rather, changes, corrections, and extensions will be made over tinme.
Again it is recoammended that retesting with rublication of the results
te required of all previously certified computers.

2.2.3 Archisectyre Specification

It is essential to have a complete, detailed, unaabiguous
documentation of the architecture to ensure that a compatible
verification is possible for all implementations. This document nmust
specify the functions available for use in prograsaing the coapute:

2-3
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ircluding all significant side affects. It does not tell the hardware
designer what technigues or technologies to use in his/her
isrlementation of the architecture. It wmay include 1Implementation
Notes which describe the intentions tehind certain operations or
functions apnd which may aid the designer in any hardware trade-off
decisions.

Typically this document includes:

Processor Structure

Main Storage

Addressable Registers

Instructions and Data Format

Addressing Modes

Expanded Addressing Technique

Machine Status

Interrupt System and Status Switching
Instruction Repertoire
Input/Output

Channels

Timers

Discretes

I1/0 Interrupts

I/0 Instruction Repertoire
Protection Features
Multiprocessing Facilities
Multiprogramming Facilities
Security Features
Alternative Subset Ipplementation

Growth Provisions

2.2.4 ‘TFurther Refinements to KIL-STD=17%0

mhe Statement of Work in the Rir Force's RFP indicates tbat the study
should be concerned with areas of MIL-STD-1750 which require further
definition because of testability impacts. Specifically, "The
centractor ... shall identify imvacts on MIL-STD-1750 which pertain to
its testability."

Ar example of this type of architectural impact due to testability
considerations arises frcm the Lockster testing arrroach, which wall

2-4
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te discussed in detail 1in a later section. Basically, this method
requires that the computer have a bit in its Program Status Word (PSH)
wtich causes it to enter a trace mode. In the trace mode, an
instruction is executed and then the trace interrurt occurs. This
trace interrupt saves all the status of the computer in a status area
and loads a new PSW. Having a copy of the complete status of the
computer at the completion of each instruction executicn permits that
status to be compared with similar status from a certified computer
(that is, one that is certified as a member of the farily). Thus, if
the LockStep testing approach is chosen, it would dimpact the
definition of MIL-STD-1750 Ly reaquiring the definitior of a trace
maode.

Specific refinements to MIL=-STD=-1750 will be covered in the
reccmmendation section.

2.2.5 Industry Activities

Computer development has multiple stages in which computer
verification is required:

1. As a bring-up tool by Engineers.

2. As a verification tool by Quality Assurance.
3. As a final box checiout by Manufacturing.

4. As a diagnostic check by Field Engineering.

Fach area inside 1IBM was surveyed for their arrprcach to verification
and how this could be applied to the Air Force's problem.

2.3 AIR PORCE RESPONSIBILITIES

The Air Force nust provide comrlete, detaileqdg, unambiguous
documentation of the architecture (MIL-STD-1750). This is required
btecause informal communication channels are difficult, unreliable, and
upmanageable within one manufacturer, ard almost impossible across a
variety of manufacturers. For example, a "LOAD BYTE"™ instruction
cculd indicate that a 8-bit byte operand from main storage is loaded
into a 16-bit general register; but may neglect to specify what
harvens to the other 8-bits ip that gemneral register. The consequence
is that one implementation wight clear the 16-bit general register
tefore loading the byte while another wmight insert the byte. Since
the verification program cannot test outside of the specification, the
tvo implementations pass certification and a programmer moving from
cne implementation to ancther may have a very subtle error to uncover
due to this difference.
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The Air Porce should extensively test fcr compatibility of a vendor's
irplerentation to the MIL-STD=-1750 specification. It is better to err
on the side of conservatism than to under test an irplementation.
Additionally, the Air Force must be careful not to test outside the
MIL-STD-1750 specification as indicated rreviously.

Tte Air Force should encourage vendors to have their implementations
certified. 1In order to do this, the certification process should be
as painless as possible. FPor example, the BAir Force should freely
make available copies of the verification —Ffrograms for the vendors to
“rre-test" their implementations. Purthermcre, when the certification
rrocess detects a problem, the Rir ¥Fcrce should trrovide as much
information as possible about that failure, and then should resune
testing for other errors 1in order to prcvide the vendor with as much
informatiop as feasible about their computer. (However, it must be
noted that the informaticn provided need nct be to the extent that the
Air Force is debugging the vendor machine.)

The Rir Force must maintain full documentation of the certification
process in order to duplicate the certification process at a later
pcint in time or to reverify that a certificatior was properly
undertaken. When retesting 1is indicated (as descrited in aother
section), the Air Force must document and publish the results.

2.4 STUDY GROUND RULES

The results of this study are based uron the set <¢f ground rules
(developed with Air Force guidance) which follow:

1. In SEAFAC, all hardware facilities (in particular the VAX
11/780 computer, the PDP 11/55 computer, and the
BIL-STD=1553 interface to these computers) should be
considered zero cost frem bceth a Non-Recurring Start-Up
(NRSU) and a Recurring basis.

2. The certification process should take less than two weeks.
A manned wvwork week 1is comprrised of five B8-hour days;
however, an automated process without manual intervention
could be available for second and third shifts.

2. Only one vendor at a time would te certified in the SEAFAC
facility due to rroblems associated with proprietary
hardware/information about vendcr's competitcres.

4. It is better to be conservative and over test than to under
test during the certification rrocess.

5. In order to be certified, a minimum storage configuration
(like 64K) and a standard I,/0C channel (like MIL-STD=1553 or
RS-232) could te reocuired.
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A standard Ground Support Equipment (GSE) interface is not
required because a standard Ground Surport Eguipment
interface for a family of computers starting with a one page
micro processor (with RAM) embedded in a system up to a
standalone computer in its own box could unfairly penalize
the former class.

For converting man years into cost, a 1979 labor rate of
$70,000 per professional Air Force employee shkould be used
which is also approximately the same for a professional
industry employee.

During the ten year expected 1life for the MIL-STD-1750
architecture,

a. from 313.2K to 522K source lines of assembly code are
expected for operational rrograms, and

b. tWenty ccmputers are expected to be submitted for
certification by SEAFAC and ten of these would be
resubmitted after initially failing.

Programmer productivity is 75 lines of assenmkler source code
per man month and %10 lines cf Higher oOrder language (HOL)
source statement per man month for operational progcams.
Parenthetically, a 1 to 3 factor is aprlied for expanding
from one HOL statement into assembler code statements.
Software maintenance costs are based on:

a. the existence of two errors per one thousand assembler
source lines of delivered code, and

b. each error requires one man week to repair.
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3.0 DEPINITICNS

— e g e

This section provides definitions for a numter of concepts which are
used throughout this report. Definitions are provided here because
tte terms they define are used gquite loosely in the industry. Imn
addition to the definitions, comments are provided which relate the
terms to this study.

2.1 CCMPLETENESS

Ccmoleteness 1is a measure of how thorougk an architectural
verification program is in testing that a particular machine meets an
architecture specification. A comrlete verification of an

architecture would require checking all vossible <c¢cmbinations of
remory lccations using all possible ccmtinations of instructions and
all possible combinaticns of data patterns, as well as checkiag all
ccnditions which are to remain undisturbed. The measure could be
exrressed by the number cf combinations tested as a percentage of tke
pumber of combinations possible. This is not a very practical measure
tc acvoly to architectural verificaticn ©programs, hLowvever, since a
complete verification of an architecture such as MI1-STD-1750 would
take an unreasonable amount of time. Fcr example, just to check all
pcssitle pairs of instructions with each memcry locaticn and each data
prattern would require ten years (assuming a two microsecond
instruction time).

(1952 pairs x 216 memory locations x 216 data patterns X
2 x 10-¢ seconds = 326,632, 262.9 seconds) > 10 years.

Ctviously, exhaustive testing for a ccmrlete verificatio:z 1is not
practical.

For most verification tests, the completeness percentage would be a
figure near zero. Also, verification Method A could have one hundred
times the completeness of verificaticn Method B, while A only
exercised half of the instructions and B exercised all of them. For
ttese reasons, conmpleteness would not be a useful measure for
distinguishing between architectural verification rrograums.

2.2 COVERAGE

Coverage 1is the percentage of the computer hardware (ir terms of
gates, wires, microcode, memory locaticns, etc.) which is tested by an
architectural verificaticn program. This term is commonly applied to
the microcode portion of the hardware. A measurement cf coverage has

- e
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teen nade for several architectural verification progranms. See, for
examrle, Criteria for Architecture Verification, by R. C. Varney and
R. P. Groundwater. Coverage for develoring a computer (as applied to
ricrocode) is a useful concept, since less than 100 fpercent coverage
imrlies that parts of the machine remain untested (which may contain
€rrors). When applied to architectural verification, hovever,
coverage has two limitations. Pirst, measurement of the coverage of
gates and wires is very difficult. This is significant since failures
of gates and wires contribute to architectural discrepancies as surely
as do microcode faults. Second, and more important, attainment of 100
percent coverage does not guarantee that no architectural
discrepancies remain in the machine. Simply exercising each location
cf microcode does not mean that every execution path has been taken.
Furthermore, coverage 1is nct expected tc be a gocd measure for
distinguishing betveen architectural verification methbods, since most
methods are easily capable of achieving 100 percent or mnearly 100
Fercent coverage in practice.

3.3 CCNFIDENCE

Ccnfidence is the degree of certainty that a given scftware module
{vhich is known to be correct) will execute properly on a machine
which has been certified through the use of an architectural
verification program. While confidence would be a useful measure for
distinguishing between architectural verification methods, there is no
cirple means of obtaining estimates of the confidence associated with
€ach architectural verification method.

.4 QUALITY

Cuality is defined as the degree to which an architectural
verification method is capable of determining compliance of a hardware
izrplementation to an architectural specification. It is measured by
the projected total number of architectural discrepancies expected to
rerain in a machine after verification. This concert is applied in
ttis study and is discussed in detail in Section 5.
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3.5 CSECOND-OKDER EFFECTS

Second-order effects are program executicn errors which are the result
of the interactions between two instructions. For example, the ADD
and MULTIPLY instruction could functicn properly when executed
independently, but fail when executed sequentially. Second~order
effects are both very real and very hard to find. The definition of a
ccopleteness suggests the difficulty in testing all instruction pairs.
Ctviously, even higher-crder effects are possible.

3.€ ACCEFTANCE TEST PROGRAM

Tte Acceptance Test Prcgram (ATP) 1is the software fortion of the
Acceptance Test Procedure which is used to sell-off the hardware.
This program attempts to verify that all functions defined in the
hardware specification, which can be <cbserved Ly the prograammer,
perform [properly. An ATP usually contains verification tests,
rerformance tests and sections used for detailed measurerents.

2.7 ARCHITECTURAL VERIFICATICN PRCGFAM

An Architectural Verification Program (AVP) is a computer program used
tc demonstrate that a srecific hardvware implementation of a computer
architecture performs all programmer observable functions as defired
in the architecture. All basic architectural features are assumed to
function properly and are used freely throughout testing. An AVP
usually not only verifies that what is expected is performed, but also
that no unintended functions are perforrmed.

3.8 TCIAGNOSTIC PROGRAM

A Diagnostic Program is a computer ©prcgram written to verify tke
proper operation of the hardware and to attempt to isolate any
failures (typically, the Shop Replaceable Unit level). The size of
the program is reduced by knowledge of the hardware implementation and
by the addition of hardware and/or microcode to assist it in achieving
its otjectives. The program is highly irplementation derendent.
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3.9 FUNCTIONAL TEST PROGRAM

A Functional Test Program (FPTP) is a ccmputer rrogram which 1is used
for initial debug of hardware. It tests all functions of the hardware
ckservable tc the programmer. An FTP is written under the premise
ttat all architectural features require testing prior to use. It may
take advantage of the hardware implementation to reduce tbhe size of
the progranm.

3.10 COMPUTER HARDWARE DESCRIPTION LANGUAGES (CEDL)

CEDLs provide for precise syntactical descriptions of the functional

tehavior of digital circuits. They are used to describe the logic

gate networks, seguential circuits, modules, their connections, and
i their control in a digital systenm.

Examples: Instruction Set Processor (ISP);
Used in ISP Verificaticn Approach
Language for Symbolic Sigulation (LSS);
Used in Analytic Verification Approach

2.11% CERTIFICATION PROCESS VERSUS VERIFICATION PRCGEANM

Certification is the process of testing a ccrputer by using a
verification progra®m in order to determine that the ccrputer conforms
(cr fails) to an architectural specification like MIL-STD-1750.
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4.0 STUDY YETHODOLOGY

This secticn provides a discussion of the reasons behind the selection
cf the cost mnodel aprroach and provides the raticnale for the
elimination of other approaches. It describes the criteria that are
used to evaluate the various architectvre verificaticn methods and
presents a systematic approach that is used to trade-off those
rethods. This section also describes the methodolcgy that was applied
in this study for data gathering and data analysis.

4.1 CGOALS OF THIS STUDY

In IEM's proposal to the Air Force, a number of verification methods
were discussed. These agpproaches uere:

1. Acceptance Test Procedures for Existing MIL-STC-1750 Related
programs (AN/AYK-15A, ADAM, User Oriented Micrc Processor)

2. Random Instructions
3. Analytical Research

4. Architectural Verification Program -~ System 36C/37C

5. Diagnostic

6. Functiopnal Test Progranm
7. ISP

8. Lockstep

Tte purpose of this =study 1is to determine the advantages and
disadvantages of each of these verificaticn methods (in iigat of
SEAFAC resources), to systematically evaluate these advantages and
disadvantages to select the best alternative, and finally, to identify
the detailed designs and procedures needed to equip SERFAC with the
capability of determining whether or not any machine meets the
requirements of MIL-STD-1750. Sufficient descriptive information is
provided on the implementation of the recommended approcach so that the
Air Force can: plan future funding and rersonnel requirenments, write
sgpecifications for the hardware and software necessary to support the
atrroach, and contract for (or develcp internally) the necessary
facilities. A summary of the study approach is shown graphically in
Figure 4-1. The verification agprroaches are evaluated against the
fcllcwing criteria:

1. Impact to SEAFAC Resources - necessary additions, such as
special test equipment or stecially trained tfersonnel must
be viewed as a cost.
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Certification Approach 1 - Advantages, Disadvantages, Cost

Certification Approach8 — Advantages, Disadvantages, Cost

@ummm— G\ stematic Evaluation

Best Certification Approach Method

!

=Detailed Designs and Procedures
-~1750 impacts

Figure #-1. Summary of Study Approach
{Sheet 1 of 1)
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2. Time Keguired to Perform Validatior Effort - especially
lengthy procedures invcke lator «costs ard nmonopolaize

valuable test resources.

2. Non-Recurring Start-OUp (NRSU) Costs - includes items such as
writing architectural verification software and test
{ procedures.

4, Recurring Costs = includes items such as architectural
verification software maintenarce, and staffing during the
certification process. This figure is develcped as the cost
per certification.

c. Vendor Independence - the verification wmetbkod under
consideration must not discriminate «c¢o the basis of
vendor-unigue itens which are not specifiec by the
MIL-STD-1750 architecture. Pcr example, a wmethod which
requires that a particular type Ground Support Equipment
interface be present ¢to perform the test =sacrifices vendor
independence.

6. Application Independence - the <verificaticn metnod under
consideration must npot discrinminate on the tasis of itens
which are dictated by the arpgrlicatior regquirewnents, but
which are not specified by the architecture, e.G., Bachine
weight, power, volume, or cocling requirements.

7. Quality - the degree to which the method verifies that the
‘hardvware actually reflects the architecture. The quality
criteria encomrasses the notions c¢f Ccmpleteness, Coverage,
and Confidence defined earlier. These concepts are
discussed in detail in Secticn S.

8. Cost of Software Revalidation - if a validation method is of
less than perfect quality, there 1is some finite probability
that any software developed in consonance with MIL~-SID-1750,
even software previously validated on a certified machine,
can fail on a second certified machine wused for a Dpew

L application. It would therefore te necessary c¢co revalidate
any code which will be used on this second machine.

After evaluating the different verification methods against these
criteria (the methodology of which will be discussed later), the next
step is to systematically analyze the results and =celect the best
method for SEAFAC.

4.2 THE TRADE-OFF APPROACH

Tte following evaluation method is employed in this stuvdy. Prirst, the
VENDOR INDEPENDENCE and APPLICATICN INDEPENLENCE criteria are treated
in a vass/fail manner. Because it 1is essential that the verification

4=-3 f
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rethcd employed test any implementation of MIL-STD-1750, any method
which fails these criteria is rejected and is not subjected to further
consideration.

The rewmaining criteria, SEAFPAC IMPACT, TINE, NRSU, RECUFEING ELEMENTS,
CUALITY, and SOFTWARE VALIDATION FLEMENIS, are converted to costs.

(Row this is accomfrlished 1is discussed in Section 5.) Each
verification method that survives the rass/fail criteria is measured
acainst these criteria. Since each criteria represents a cost, a

total cost is obtained for each method. The method with the lowest
cost is selected as the Lest.

While some of these criteria are easily recognized to be of a cost
nature, others do not have an obvious ccst relationship. Therefore,
€ach of these <criteria, and the techniques that will be used to
measure theam, will be discussed in detail.

4.3 TCATAR COLLECTION

Tte first step in the study is to <collect data cp all of the
verification approaches. This 1is necessary to fully understand each
of the approaches and to support the cost model.

Data collection was .accomplished in five phases: literature search,
ipterviews and site visits, ECs and Validation costs, local cost
estimaticn, and miscellaneous tripes.

Use of the cost model required that the fcllowing tyres of data be
cathered for each of the verification aprroaches:

Pass/Fail Data

e vendor independence
application independence
feasibility
uniqueness from other approaches
availability of information
testable within a two week period

Cost Data
® pnon-recurring start-up costs
e recurring costs
e SEAFAC resoturces

guality Data
e Engineering Changes (ECs)
e Software validation costs

(The reasons for collecting the gquality data are discussed in Section
€.) In addition, detailed descriptive information about each of the

4-4
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verificaticn approaches is required.

4.3.1 literature Search

An intense literature search has been rade to suppcIit the researc.
teing done on the MIL-STD-1750 Certification Study. This reseacch
trovided additional Jdata regarding the ¢frorosed acvprcaches; buat did
nct uncover any new verification aprroaches to le investigatea. The
fcllowing 1literature data lLases were queried by IBM Technical
Information RKetrieval Center:

NTIS - National Technical Information Service

INSPEC - Information Service in PLysics Electrotechnology
and Control

1BM - IBM Internal Technical Repcrts/Researcl Feports

EIXF - Engineering Index

Tte results of this search can be found in the =Ritliograpay. This
lists the papers and articles directly relevant to this study.

4.2.2 Interviews and Site Visits

——— e

All of the verification approaches investigated (except MIL-STD-1750
ATPs) have been used within the various IBM Divisions. To obtain the
detailed ipformation regquired, the Divisions shown in Figure 08-2 uere
ccnsulted, Users of each of the aprrcaches were irterviewed and,
wltere possible, the originators of the <ccncepts were interviewed.
(This was the case for the Locksterg, Randcm, and Apalytical
approaches.) Site visits vere made tc thke T. J. Ratson EResearch
Center at Yorktown, N.Y., the Systen Products Division at
Fcughkeepsie, N.Y., the System Products Division at Endicott, N.Y.,
and the Gemeral Systems Division at Boca Raton, FLA.

4.3.3 Engipeering Change and Software Validation Cost Lata Collection

Engineering Change data were gathered with help of the Owego Part
Number Identification User System (CPIUS). This automated systen
rermits a user, via a display terminal, to obtain Engineering Change
and part number information for the avionics computers Luilt by IBM in
Owego, N.Y. Engineering Changes of interest were —rphysicaily pulled

45
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frcm storage and scrutinized to deterrminre their applicability to the
study.

Scftware validation cost information was obtained by interviews with
tte software personnel resronsible for the validation efforts. These
versonnel were located in the Air Porce, the Navy, and IEM,.

4.23.4 Internal Data Gathering

Tc surolepent the cost data cathkered thrcugh the fact findicngq trips
and extensive literature search, various JIEM - Owego Sources were
utilized. FSD personnel experienced in surrort software development,
systeas integration, and hardware testing and verification contributed
ccst 2ata and other infermaticn in their area of expertise. This data
1s reflected in developing the ccst figures related tc the various
argroactes described in Sectiocn 7.

“.3.% Miscellapeou

i

Lips

[

Twc other trips were taken by teanr merbters in support of this study.
Tre first was to SEAPAC to obtain informaticn akout tne equipaent,
personnel, and facilities availatle tc support tke MIL-STD-1750
certification effort. The seccnd trip was to Palo Altc, Califormia to
attend the 1979 1International Syercsiur cr Ccamputer Hardware
Cescripticn Languages and their applications. This allowed the latest
availatle data on tne CHDL's approach to te ipncluded ic this study.

4.4 TATAR BNALYSIS

Analyvsis of the gJathered data began witt the applicatiuvn vt tre
rass/tail criteria. Additicral criteria ¢tc thcse discussed 1L the
rrcgcsal were identified. {The cost nodel was thern applici to those
verification approacpes which survived thre rass/fail test.)

Tte Pngineering Change data and software validaticn ccst aata were
aralyzed to determine the cost penalties which will ©Le 1ncurred
*ecause cf the necessity of wusing a ncn-rerfect certificaticL aetrod.
Ttis information, combined with the cost data above, form the iLazic
for the study recosaendation.
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€.0 ST MODEL

—— em————
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10 summarize the analysis described in Section 4, three things must Le
dcne to select the best verificaticn method:

1. Apply the pass/fail criteria,
2. Estimate the costs for the remaining approactes, and

3. Treat in an ad hoc 1manner any newly identified criteria
which do not fit intc either (1) cr (2).

This section describes, 1n scme detail, the concepts tLtehind the cost
€estiraticn process (i1tem (2)). The arrpiication of tltese concepts to
tte gathered data 1s discussed in Secticnes 6 and 7.

Ttis section 1s broken into two parts. The first rart discusses the
fcllcwing items: SEAPACT IMEACT, TIME, NFSU, and FECURXING COST.
Ttese items are relatively easily ccnverted to dcllar excenditures,
wrictk are necessary for SEAFAC to estarlish, use, ard maintain a
certification facility fcr MIL=-$TD=-1750.

Tle seccnd part of this secti>rn Jdiscuscses JUALITY and =SCFTwAEEL
VALICATTICN CCS5T5. These items represent costs which will pe 1rncurred
cver the lifetime of MIL=-STL-1750 an? which are 1in tte form of a
renalty which wiil be ©paid by tte irdividual ©froccrams wrich use
MIL=-STD=-175Q. They are not direct costs tc SEAFAC, but are true costs
tc the Air Force, nonetheless. Ccnversicn c¢f COALITY tc cost 1s motre
involved tkan the conversion of the ctler items to cost. As a Lesult,
a significant amount of this section is devcted tc discussion Of the
CUALITY concepts.

.1 CNSTS 10 SEAFAC

Tris secticn descrices the evaluaticn «criteria SEAFAC IMPA
NEcS™, and RECURRING COST. Trtese iters wi1ll ke a2 dairect
SEAFAU. The Jdescripticns prcviied here are 1n the fcrr of a gLiOIL
excec*i-ns, taey are 1ncluded here as exemr.arvy information tor the
cest molel. Again, the actual findirgs of the study appeac i
ecticns n and 7.

€.0.Y Izpact ty E4FAC Hesgurces

"EAFAT ~intdains a j;eeat deal o f rescurces, 1nolucind toutiy egii; selt
ar?! cersonnLer, wihich conll totentially t'e Ssetul feor  ar-nitacture
verifiratiorn. q1oWe ver, 2 rarticulat verification Rethcd  aint
reaylie, 20 cXkddfp.¥, S°0€ IR 1Ne *est ecuirgent tC lntE€rldle wWit: tre
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urit under test. A cost would be incurred for frocuring that
€equirment and training personnel to use it.

Anrcther verification method might require that SEAFAC hire an
architecture expert. A cost would be incurred to hire this person,
ray his salary, and pay his benefits.

Fach verification method is examined for any such unigue
considerations.

©.1.2 Time Regquired to Ferfornm

alidationp

The time required to perform the certification/verification approach
translates i1nto a cost for personnel and equipment (required to
support the rate of testing and maintenance).

©.1.2 Nor-hecurring Start-UOp Costs

Pary tyvres or one time start-uf costs wvight be incurred with the
various veritfication test methods. It is possikle that a particular
methcd woula require that some form c¢f architecture verificataion
rrcaram either be wraitten or modified. TLetailed test fprocedures woull
likely have to be written for any arrroach. For the Lockstep
arrproach, 1t may be necessary to Ffrocure a known, <standard machine.
Tte ISP qenerated AVP method may reauire developrmert cf AVP generation
scftware. Tne Diagrostic approach mighkt reguire analysis of each
ranufacturer's prograas. Another requirement may be some type of
Crcurd Suppecrt Equipment (GSF) or I/C interface to <ccnpect a unit
trder test to tne test hardware.

.1.4 Fecyrrjpg Losts

Scftware that i35 to te written gust alsc be maintained. The same
arrlies t- al.y ualaware to be rrocured. Ttrese costs are, of course,
telate? ¢0 trnell Jseful lifetime. Pecurrirac costs are alsc incurred
A1e to *re stattirn g curirc the validatior frocess.

.0 JUALITY AND VALIDATICN CCSTS

T+ 15 1pvortant to recocrnize the sigrificance of the cuality measure
% arv arcritecture verificaticn metlo? lecause no mettcd of testing a
ractine wii. ©wve pertect, ani, as a resclt, costs will be irncurred.

— e —————— v . ————
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Cuality 1is defined as the degree tc which an arcchitectural
verification method is cagpable of deterrining compliance of a hardware
izsplementation to amn architectural specification. The unit of weasure
is the expected number of architectural discrepancies remaining in a
rachine after architecture verification. The gquality of a given
verification method, then is an assessment c¢f how good that method is
at finding machine defects or architectural discrepancies.

Tte concept of guality is related to three separate concepts which are
widely used in the industry. These are ccropletemess, ccniidence and
ccverage. Comnpleteness requires checking tte machine for all gpossible
data typves with all ©possible instructicn sequences in all possible
memory locations, etc. Hardware coverage is the r[fercentage oi a
machine that 1s tested in terms of gates, memory locaticns, nicrocode,
wires, etc. Confidence is the degree cf certainty tltat a software
mcdule will execute prorerly on a verified machine. These concepts
have been briefly descrited here because they are commcnly referred to
in industry. None of these three concepts are used in the cost model,
hcwever, for reasons c¢f practicality (discussed in Section 3).
Rather, the concept of quality will be used.

Cre would expect that the direct cost of implementinc a verification
methcd would be roughly related to the guality of that method as shown
in Pigure 5-1. A test that was not very extensive (and, heance, not of
kigh guality) would not be difficult tc program and wculd not take
lcng to run, making it low in cost.

Cost of Verifying
That a Machine
Meets the
Architectural
Specification

|
|
|
l
|
|
!
l

Quality Perfect

Quality

Fiqure 5-1. Verification Cost as a Punction of Quality of Test
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Slight additional investrent to this mrinimal test would result ik
large gains in quality as more and more instructicn tyres and formats
were tested. The cost of aprroaching perfect quality, however, would
be extremely large, because it would be necessary to test all possible
data combinations with all possible instruction sequence cortinations
ir all possible memory locations, etc.

£.2.1 Reasons for Considering Quality

Bchievement of perfect quality in a verification method would regquire
trat method performs exhaustive testing. That is not feasible for
MIL-STD-1750 certificaticn (see the definiticn of Ccmrleteness).

€ince any useable verification test method is of less than perfect
guality, there is a very real possibility that the tested machine will
still have undiscovered architectural discrepancies, and that any
orerational software will not execute correctly (that is, as defined
in the architectural specificaticn manual). It is rnecessary,
tterefore, to check all software that is +to run on that machine for
Frcper execution, i.e., to validate that software. Typically, this
validation is initiated in a 1laboratory simuvlation and then completed
ir actual flight test.

Tte <software to be validated can be trcken up intc two <classes:
existing software that 'is to Le <captured for this machine (e.g.,
navigcation modules, executives), and new software tlat is to ble
written for this machine.

Tte cost associated with revalidating the existing software (which hLa
already lteer validated for scme other machine) is a direct result o
tke less than perfect aquality of the verification method. If
verification method were 100 percent ccmplete in certifying that
ractine met MIL-STD-1750, any operaticnal software would execute

3
a
£
he
a
=3

properly and, hence, revalidation would be unnecessary. However,
since no verification method is of perfect quality, revalidation is
necessary. Any architectural discrepancies which are discovered

during operational software revalidaticn (which remained undetected at
the time of verification) require corrections. These corrections
extend the revalidation process and increase the cost cf validatior.
Tte cuality of the verificatior apvprcach will deiermire the npumber of
architectural discrepancies which remain undetected at the tiwe ¢l
architectural verificaticn, which in turr, determines the rnumber ot
architectural discrepancies which will te discovered during software
validation. Therefore, the cost of revalidation is a functicn of tke
quality of the test which certifies +tlte machine, =since the direct
tesult cf an imperfect verification is the cversight cf architecturail
discrepancies which must be fixed and which extend ihe revslidaticn
frccess. (Presumably, <coftware errors have been discovered in the
iritial validation effort.)

It 1is expected <that these costs could be substantia.. If an

5-u
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architectural discrepancy is discovered in the flight testing phase of
software validation, a significant recovery process is required.
First, sufficient data must be collected tc permit identification of
tte tardware faalt. The computer must te physically pulled from the
airframe. An engineering fix fcr the prctlem must be devised. This
fix must then be installed in the machine. The machine must then be
retested and installed in the airframe. Additional flight tests must
te performed to verify that the engineering change toth solved the
rrcblem at band and did not create any newv probleas. The software
which had been validated to date wmust te re-checked for proper
performance. All of these activities can add up tc a sukstantial
tenalty in time and money.

The cther class of software that needs tc te validated is new software
to ke written. Since new software must tLte validated in any case, one
right argue that this is an irrelevant consideratior. However, the
cost cf the wvalidation will certainly te derendent on the quality of
the test method used to certify the machine. A machine that has been
poorly certified may have many architectural discrepancies which must
te found and corrected in the covrse of operational software
validation and, conversely, a well certified machine will greatly
reduce the exposure to unanticipated software validaticn costs because
few architectural discrepancies will remain.

New software validation costs may be divided between ccsts incurred in
ccrrecting architectural discrepancies and ccsts incurred in
correcting soitware errcrs (shown in tke right-hand side of Figure
£-2). The new software validation costs cf interest here, i.e., those
associated with the quality of the method used to certify the machine,
are only the costs of finding architectural discrepancies ({software
€rrors have nothing to do +with the aquality of the hardware
verification). 0ld software revalidation costs are a good
arrroximation for these new scftware ccsts since they are a measure of
the costs associated with finding architectural discrepancies only
(see the left-hand side of Figure S-2).

| Existing Software | New Scftware |
| {(to be captured) | (to be written) |

None. Software No. Costs exist, |

( i |

! | previously | but are of ro |
| Software Errors | validated | relevance |
] | | (not related to |
| ] | quality) |
| == e it smme———- se===- tatadeidedeindeietndintel b |
| Architectural | | |
| Discrepancies | Yes | Yes ]
| (Rardwvare) | | |
e e et e e e m r e e me e m e e ————————— +

Figure 5=-2. Quality-Related Cost Comporents of Software Validation
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Ir summary, the implication of less than perfect gquality of a
verificaticn method is that additiomal =software validation costs will
e incurred. The magnitude of these costs is a functicn of the degree
of gquality.

Also note that it is only necessary to revalidate operational
scftvware, not support software. A Prograr Manager only cares that the
software which runs on his machine is correct. B error in support
scftware which affects the operational scftware would ke caught during
revalidation. Validating the operational software will, in effect,
validate the support software, at least as far as the Program Manager
is concerned. Errors in support software which do not affect the
cperational software are irrelevant.

£.2.1.1 Quality Measurenment

In order to project software validaticn costs, two items must be
estimated -~ the relaticnship between quality and the cost of software
validation, and the degree of quality associated with each
verification method. While these are not easy tasks, ignoring quality
and softvware validation costs (which are real costs) will Lias the
study results in favor of the cheaper, 1less complete verification
rethods and would result in ignoring substantial costs to the Air
Fcrce. The following method is used to estimate quality.

The measure of the quality of a verification method is defined as the
rumber of architectural discrepancies ttat remain in a machine after
trat mnachine has been certified as teinc represerntative of the
architecture. That is, how good was the test at catcking all of the
architectural discrepancies in the machine? (Implicit in this measure
is the notion that, for the ©purpose of architecture verification, all
| rachine defects, regardless of their cause, are failures to meet the
s architecture. A burned-out gate which cavses a multiply failure on a
rarticular data combination is as wmuch a failure to meet +the
architecture as is a defective algorithm which <cauvses a nultiply
failure on a particular data combinaticn.)’

1f a new @nachine is designed and built tc a particular architecture,
an¢ then tested with scme architectural verificaticr method, wmary
architecturai discrevpancies wculd te discovered initially 1in the
tardware develcgment Gfhase. As time vwent or, the number of
arctitectural discrepancies discovered wculd dimirish. Fignaily, Lo
rore architectural discrepancies would te discovered and the machine
wculd e deemed architecturally correct, at least as well as the
verificatior method could detergsine. The machine wculd then be
"eold-offr, However, experience +would suggest that some hidden
architectural discrepancies remain irn the rachine. Purther use of the
machine, such as in software validation or in actual flight operation,
wculd uncover some of these hidden architectural discrepancies. The
rete of discovery would jump after "sell-off", ard again, the rate of
discovery would be a decreasing functicn of time and wculd gradually

5-6
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arproach zero. This error discovery =scenario is depicted in Figure
€-3. The number of architectural discrepancies remaining after

verification (sell-off) is the cross-hatched area.

i For machines already scld-off and in use, it is rossilkle to estinmate

‘ the number of undiscovered architectural discrerancies that remain at
se€ell-off. The npumber of architectural discrepancies remainisg in a
machine after architectural verificaticn 1is the sunm of those
architectural discrepancies discovered to date (since sell-off) plus
those (as yet) undiscovered architectural discrepancies. The former
are reccrded in the Engineering Changes (ECs) written against the
machine. The 1latter may be estimated ¢ty plotting the number of ECs
with time, <fitting and extrarolating a «curve, and integrating over
time. frcm the last data rfoint until infinity. This is shown
craphically in Figure 5-4.

The number of architectural discrepancies found will te a function of
two factors - complexity of the machine and quality of test. The
crganizational/architectural conmplexity is a factor relating the
runber of remaining errors with the gquality of tbe verification
method. One would expect that the number of errors remaining after
certificaticn would be larger for a larger machine, inderendent of the
verification method. A more valid quality measure is therefore
cttained by dividing the number of architectural discrepancies
remaining in the machine by the organizational complexity, which can
te arproximated by the size of the machine (discussed in Appendix B).

The resulting quality measure, then, of any particular verification
method i, as measured against machine § is expressed as

ECs since sell-off + proijected remaining discrepaacies
3 J

quality = f | w==evecccmcncrccc e rercn cncr e r e e e e c e e s e e~
i machine size
b/

Multiple data points for a given method are averaged to genarate a
ccmpcsite quality estimate for that methced.

€.2.1.2 Engineering Changes and Architectural Discrepancies

Por the purposes of this study, the concept of what constitutes an
architectural discrepancy is less restrictive than the concept
normally used by the industry. Any machine change which, if
unprocessed, would cause the @pachine +tc¢ fail an architecture
verification test is considered to be an architectural discrepancy.
This 1includes things not normally asscciated with instruction set
architecture, such as electrical noise, timing races, and logic
€rrors. Also includegd, of course, are pore obvious

5=7
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A
Rate of
Hardware
Architectural
Discrepancies
Discovery
Time
A

Begin Seli-off (Architecture Verification),

Initial Start

Check-out Validation

Figure 5-3. Discovery of Architectural Tiscrepancies Over Machine
lifetime

Discovered Architectural Discrepancies
(From EC Data)

Rate of jt————— Extrapolation ———=s]|
Hardware

Architectural
Discrepancies

Discovery
Undiscovered Architectural Discrepancies
k 77777777777,
Time
Sell-off Totav

Figure 5-4. Hardware Architectural Discrepancies Remaining After
Architecture Verification
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architecture-related ovrobleas such as defective algorithms or
iprrorerly implemented wmicrocode.

Tte reason for this permissive definition 1is twc-fecld. First,
ccnsider the certification process to take place at SEAFAC. The Air
Force cannot discriminate between types c¢f failures for a Bmachice
which does not fproperly execute a test. Any failure must be a failure
to meet the architecture, regardless of the cause. Tte second reason
is that all of these failures (including those not ncrrmally associated
with instruction set architecture) will be a true cost to the Air
Fcrce during Operational Flight Program validaticn.

Ttis 1is not to suggest that all Engineering Changes count as
architectural discrepancies, however. ECs are written for wmaay
reasons including changing screws, coatings and connectors, as well as
for customer directed changes and cost reductions. These types of
changes are not relevant to this study. As a result, each ZC must be
scrutinized as to its relevance.

€.2.1.3 Estimating the Cuality - Validation Cost Relaticaoship

As discussed earlier, the costs cf validating operational soitware can
te trokenm into two parts - the ccst associated with correcting
softvware errors and +the cost asscciated with correcting hardware
errors (architectural discrepancies). Only the 1latter cost is of
interest in this study, since the cost associated with correcting
scftware errors is independent of the quality of tte verification
arrroach. As used in this study, the terp "validation cost" mearns
crly those validation costs asscciated with architectural
discrerpancies.

The expected relationship between the degree of quality and the cost
cf validation is shown in Pigure 5-5. The rationale for the shape of
this curve is as follows. A near-perfect test would incur a basic
ccst for validation (e.g., flight test), but should fproceed smoothly
with few, if any, defects to be corrected. Less perfect tests would
require more extensive validation efforts, therety ipmcurring higher
costs.

—~ —— ——_— - - e —————— - e
- i ”"".. S e
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Software
Validation
Cost per
Line of
Code
Cost of Basic
Flight Test with
no Defects Found
.
' Degree of Quality (Decreasing Degree)
Perfect
Quality

Pigure 5-5. Valijidaticn Costs as a Function of Cuality

Tle quality - software validation cost relationship can be estimated
by collecting both software revalidation cost data and quality data oun
programs that have incorporated hardware uprgrades to existing machines
with the iptention of carpturing existing operational software. This
yields a curve which has only those costs which are cuality related;
tte =oftware validation costs associated with correcting software
errors are thereby factored out. Since the existing software would
bave already been validated, the cost c¢f revalidation could be
attributed solely to those architectural discrerancies which remained
in the machine wupon <ccmpletion of the architectural verificatiosn
rrocess. That is, the imperfect gquality cf the verification method
vas the cnly reason that revalidation costs wvere incurred. (Note that
the gathered cost data must be scrutinized to see that no costs are
ircluded for the addition of functional cagpatility.)

It is not pnecessary to oktain quality versus software validation cost
édata for each verification methcd. A wmachine that has been verified
tc a certain degree (i.e., according to the gquality of the method
used) will incur a software validatior cost ccmmensurate with that
quality, regardless of the verification method used. BAn architectural
discrepancy tLas a cost of «correction which is independent of the
verification wethod wused on that machine. Hence, the gquality -
scftware validation cost relationshir, regardless of whick
verification method was used +to estimate +that relationship, can be
arrlied to all validztion methods.

5«10
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The software validation costs are a function of the aasount of
cperational software to be validated., An increase in the nuamber of
lines of code would result in a proporticnal increase in tne cost of
validating that code. Therefore, the =software validaticn cost must te
ncrmalized by the number of the lines cf ccde.

£.2.1.3.1 Use of the Quality vs Cost Belationship. Application of
the measured quality of the different verificaticm afpproaches to the
quality versus cost relationship yields a cost (of having
less-than-perfect, quality) for each of the verificaticn approaches.

Tc compute these costs, EC data are gathered €fcr each of tte
verificaticn approaches. Projections are then made toc estimate the
total number of architectural discrepancies expected tc remain in the
rachine after verification. (These two steps are performed in the
same m®manner as is used to estimate the quality versus cost
relationship.) These projections must tten be normalized Ly the size
¢f the machine (discussed in a later section). Pinally, each of these
ncrmalized projections is applied tc the quality versus cost
relationship to obtain the cost for each of tke verification
arvroaches.

€.2.1.3.2 Summpary of the Quality Ccncepts. Quality is defiped to be
the degree to which an architecture verification methcd is capabie of
deterrining ccopliance of a hardware implementation to an
architectural specification. No verificaticn method is of perfect

quality. Less=than-perfect quality implies that architectural
discrepancies will remain in a machine after verificaticn testing is
sctccessfully completed and certification is granted. These

architectural discrepancies will result in a cost to the Air Force in
tte form of an extended operational flight software validation
Frccess.

Estimation of the cost penalty due tc less-than-rerfect gquality for
tte different verificaticn methods is tasically a two-step process:

Step 1. Estimate the cost versus quality relationstip
by

(a) gathering EC data for various hardware
upgrade progranms,

(b) gathering software validation costs fcr
those same programs, and

(c) fitting curves to the data of (a) and (b).

Step 2. Gather EC data for the different verification
approaches and apply to the cost versus gquality
relationship oktained in Step 1.
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€.2.1.4 Objections to the Quality/Software Validation Cost Approach

It may be argued that the guality data will be a biased measure of the
true guality of any given verification method. For example, consider
the Architecture Verification Program (AVP) method. AVP developmernt
is typically a two step process. The first step is to write the
Frogram ktased on the architecture specification document (Principles
of Operation Manual). This will test a certain percentage of the
machine (i.e., it will have a certain 1level of gquality). Since it is
imrossible to test all possible data conmtinations and since nmany
failures are data related, a second step is then performed and the AVP
is "fined-tuned" to the data sensitivities cf the particular machine
vnder test. The machine is exarined +to verify that all possible
execution paths (which are data dependent) are exercicsed (i.e., there
is 100 percent microcode coverage). For example, a multiply algorithm
would te examined to verify that the different test cases used all
Fcssitbtle branch paths in the algorithm.

This fine-tuning affords an increase 1in guality for mcst approaches
(except Random) which is unavailable tc the Air Force since it cannot
te determined in advance what algorithms will be used by different
nanufacturers to implement the instruction set. This results in an
vpward bias of the guality estimate.

®hile this is a valid objecticn, it does not severely ligit the value
cf this data, hovever, because of ¢two factors. First, it is probably
a uniform bias. That 1is, each progranm to te investigated bas as its
gcal a high degree of gquality. It is reasonable to e€xpect that each
prcgram used this relatively inexpensive method (i.e., fine-tuning)
for imrroving test guality. Second, it 1is the frimary goal of ttkis
study to select the best method relative to the cthers.

Ancther objection to this gnality - software validaticn cost approach
is that a large number cf data points wculd be necessary to obtain a
tigh degree of accuracy in cost estimation. This 1is also a valid
ctjection. However, the alternative is to ignore quality and software
validation costs; but experience would suggest that these costs can be
sutstantial. It is better to make ©use cf the infcrmation that is
available (accepting a degree of uncertainty) than to ignore it.

€.2 PPROJECTICN OF THE TOTAL NUMBEF CF AFCEITECTURAL CISCREFANCIES

Prpendix B describes in detail the mettod for rrcjecting the total
rumber of architectural discrepancies from the EC data. It also
describes the method for normalizing the data by machire size.
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6.0 VERIFICATION APPROACHES

— — e S . e e " o O S i, g o D

A nuomker of ditfferent agnroaches have Lteer identified :ror use 1L
verifying computer architectures and have teen investigated:

AN/AYK-15A Acceptance Test Program (ATE)

Eandom Instructions

Analytical Research

Architectural Verificaticn Prcgram (AVP) - System 360/37C
Diagnostic

Functional Test Program (FTP)

Instruction Set Processor (ISE)

Lockstep

Each of these approaches is described herein as it currently is useg,
along with observations regarding its aprlicability tc MIL-STD=-1750.
Fass/fail criteria are also applied to each verificaticn approacn. A
subsequent section describes these approaches after thtey are modified
tc apply to MIL-STD-1750. Any stecial recquirements for impiemernciation
are also described. Finally, tke methods are corpared and tne
essential differences among them are clarified.

€.%7 AN/AYK-15A ACCEPTANCE TEST PROGEAM

6.1.1 Description

Tte AN/AYK-15A Acceptance Test Plan (ATP) consists cf a number of
tests which aust be successfully comrleted in order to sell-off an
AN/AYK-15A computer. These tests include testing the MIL-STD-1750
architecture agcng other tests. The ATP method consists of extracting
tte rortion of the ATP which tests the MIL-STD=-17%50 architecture and
using this as the MIL-STD=-17%0 architecture verificaticn program.

Thke AN/AYK-15A4 ATP consists of a nunter cf subtests which nmust Le
rassed as part of the sell-off rrrocedrvre for the AN/AIK-15A computer.
Tlese subtests include: User's Ccnsole, Instruction Set, Registers,
Main Storage, Bus Controller, Input/Outrut, Power ON/CFF Sequencing,
etc. The ATP includes some subtests which are not part of
MIL-STD-1750. These suktests (User's Ccnsole, Eus Ccntroller, Power
CN/OFF Sequencing) would be eliminated frcm the ATP to make it a
vendor independent architecture verificaticn program.

The TInstruction Set test verifies OF CODE assignment and Lasic
functional operation of each instructicn. It then checks that the
irstruction correctly modifies, or does not alter, as the case may te,
the status word for all possible values the status word may have.
This portion of the test is exhaustive. It also verifies the indexing
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cavability tor alli 1instructicns which allew indexing. It checks the
tse of each of tne 15 1ndex registers ard uses fposcitive, Lejative ana
zerc values 1u the 1ndex registers. It also verifies the capal.iity
ctf each iuLstruction to generate ar urderflow ardsor overflow
interrurt, when reguired. Data values used ir the 1Instruction 5Set
test cover all combimaticns of positive and negative nuvsters.

The test also has a ben~hmark portion to verify irnstructiorn tiases.
This test would be elimicated, <since nc tiging is specified in
PI1-STD-1750. There is also a randcm irstructicrn hang test tc verify
tte Ltandling of illegal instructions.

The Pegister test verifies the capatility to address, set and reset

variots registers in the AN/RYK-15A. Crly those registers defined imn
MIL-STD-1750 would be included in this mrethod. The recisters checked
include the CPU general registers, Memocry Protect BERAM, Status
recister, and Interrupt Mask register. The CPU general registers and

the Status registers are checked by running all 64K fpossiklie data
ratterns through themn.

The Mair Storage test verifies each main storage location by sriting
ard reading each of the 64K rossible data patterns inp e€acn locatioL.
The test also verifies the main storage rrotection features.

"he Inputs/Output tests verify the oreration of the Timers, Direct
Input/Cutput, external interrupts and CHA.

€.1.1.1 Block Diagranm

Ficure 6-1 depicts a hardware block diagram for this approack.

6-2
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6.2 ESANDCM INSTRUCTIONS

€.2.1 Description

Ttis 1is a statistical approach to the task of verification. Thke
candidate computer is initialized to a known state. A tklock of randon
irstructions is then generated and executed by the unit. All machine
state results are then captured and ccmrared against the expected
results which ar>» obtained through sirulaticn. This pcocess is
continued until - atistical evidence of ccrpleteness is acceptatle.

There are two u2l1n programs redquired by the aprroack. A preogram to
generate a biock of random instructicns and a valid simulator to
cenerate the expected results. Contrcl for the twc prograazs 1is
rrovided in a table of implementaticn derendent conditicrs.

A random seed is Jenerated, saved for future recall ard fed to tkhe
instruction stream generator which returns a varialkle lengtk block of
random instructions. This instruction stream 1is fed tc the simulator
alcnag with the control table of implerentation deperdent counditiorns
and the 1nitial status cf the machine. This is simulated uponL the
simulator, and the ending status of thte sequence is returned for use
as the expected values for the ccmputer under test. The 1nstruction
strear is then run on the hardware, an interrupt is forcaed and the
status variables captured for ccmrarison with the expected results.
Tte ¢two results are compared and, if equal, the next test |is
cenerated. If not wequal the =stream is rerun to <check for an
intermittent failure. If the seccnd run rasses, the error is logged
and tte pext test gemerated. 1If toth rumns £fail, the last iastruction
in the stream 1s replaced by a NO-CP and the stream 1is rerun on both
the tardware and on the simulator. The process is continued up tke
stream uncil a successful comparison is cbtained. The 1last NC-OF is
rerlaced by the instruction and the stream run on the hardware and on
tte sipulator to capture expected amd actral results at each stage of
tte streaun. This information is then rfrinted for use imn diagnosing
tte failure.

€.2.1.1 Elock Diagranm

Figure €-2 depicts a hardware block diagram for this apgroach.
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Figure 6-2. Randcm Instructicrs Block Diagranm
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€.2.2 Experience

IB¥ has used this method to check the corpleteness «c¢f the Syster
2€C/270 verification method and fourd that detection times were
relatively short when known problems existed in the vurit. Generally
tte error was found in thke first 30 minutes of run tire for a machine
withk the fperformance in the range of fcur millicr instructious per
seccnd.

Tycically 1,000,000 test sets of randcmly cenerated irstructiorns froo
1 to 22 instructions in length (average lercth c¢f 10) carn te run inL &
f-hour period. Thus, it is expected that 1C,000,000 irstructict case:
are executed in an 8-hcur veriocd fcr a fcur w@millicn Iirstryctiong fer
seccrd ccmputer.

This method kas been successfully used 1in all fcur steges of cozputer
develcprent:

1. bty Engineering as a bring up tccl

2. bty Quality Assuyrance as a verificatior tccl
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3. by Manufacturing for final bex checkout

4. by Field Engineering as a diagnostic and operetional check.

€.2.2 Hardware Resources

The Randcm Instruction method requires a srecialized tester to verify
I/C, intercrupt structure and conctrrent <creraticns. This tester is
designed fcr a particular computer and I/0 configuration. Also, tthe
ccmouter gmust have a special interface tc the tester so that the
tester can be controlled by the test rprcgram. In addition, Ground
Surport Equipment is necessary for rrcgram ccntrcl and error
reporting.

€.2.4 Software Resources

A corrlete MIL-SID-1750 architectural =<simulator must e written to
generate data for comparison. Additicnal advantages are gained if the
simulator is writtem to¢ run on the MII-STD=-1750 ccmputer itself;
kowever, this may require provision for additional main storage. For
¢xample, I/0 transfers are substantially reduced, but much more main
stcrage is required for the simulator. Sompe type of an I/0 tester is
2lso needed for verification of I/0 related architectural features. &
randcm instruction generator must be written to generate the
instructions and compare the results.

€.2.5 Personnel

A person who 1s experienced in architectural verification and in
simulaticn is required to write the —¢t¢rcqgram for tlke MIL-STD-1750
simulator. A person with some surpert software experience and
familiarity with the MIL-STD-1750 architecture is recuired to write
tlte randcm instruction generator program. The actual execution of the
test rrcgram can be performed by a relatively inexperienced person.
Error analyses could require a person with a high degree of trainirng
in architectural verification, although errcr analysis is fprokably a
ccntractor's responsibility.

€.2.€ OQObservations and Applicability to MIL-STD-1750

The Pandcm Instruction methcd provides an excellent wnmethod to verify
ccmruter architectures. The method provides for a thorcugh testing of




61761751 FINAL EEPCET Fetruary 29, 1980

instruction segquence dependencies and other subtleties due to the
random nature of the test cases. This arrroach also shows frromise as
a good methcd to improve confidence and comrleteness in other methods.

No detailed analysis of the architecture wculd be required to generate
tte test sequence.

A detailed analytical analysis has been unsuccessful at developing the
criteria used for completeness. Engineering judgement has determined
the number of instructions necessary for +the verification tests to
achieve a level of completeness; the randce process can be terminated
after 1,250,000 random instructions.

Tte kandom Instruction is an excellent test technique; however, tests
cf roundary conditions (like a branch instruction in the 1last main
storage location) would have to be added to completely test the
¥I1-STD-1750 architecture. The MIL-STLC-17%0 sigulatcr required would
tave to ccmpletely represent the architecture.

The Random Instruction method does not ccntain any vendor dependencies

in its test cases. The only applicaticr degendency in the Randon
Instruction method is that the main =storage must be large enoughk to
ccntain the programn. If a self-hosted =simulator is wused in this

rethod the main storage requirement could kecome quite large.

This approach passes the defined pass/fail criterisa apd will be
discussed further in Section 7.
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€.3 ANARLYTICAL APPROACH

Tte following text is a summary of a very complex approach angd
requires a background in this field. Further informaticn is available
frcm appropriate documents located via the Eibliogqraphy (listed under
Carter).

€.3.1 Description

Ttis mettod consists of using an analytical method called Symbolic
Execution to verify that the hardware implementation <c¢f the computer
meets the architectural specification. 1The hardware igplementation irn
tte form of microcode or finite state information is translated into a
nachine readable format for analysis by a rrogram which verifies by
Symbclic Execution that it conforums to the architectural
specification. The specification must also be supprlied in scoame
machine readable format.

In this approach two definiticns are required; one for the
architecture specification and the cther for the machine
isplementation. Both must be given in the architecttral description
language “language for Symbolic Simulaticn" (LSS). Tlese definitions
consist of a facility vector describing machine ccmronents and a
.decisicn tree describing the control structure. The facility vector
sptecifies the various components which can be observed or manipulated
by the nmachine. The operaticns upon the facility vector components
are specified by macro routines written in LSS and the order of macro
arplication is determined by the contrcl +tree operation algoritha.
(That is, each decision tree is composed cf macrcs.) Fer exaaple, in
tte fcllcwing control tree segment

Macrcs M2, M3 and M4 nmust be carried cut before M1 carp begin. Macros
Bz, M3 and M4 may be performed in any order. When M2, M3 and M4 have
been performed, M1 is initiated. The facility vector components are
treated by LSS as APL~like variables with specified dimensioas.

Because the two facility vectors (specification and implementation)
generally bave different compcnents, tc rrove ccrrectness it is first
necessary to specify a relation between then. One wmachine action
simulates another if everything that the first machine can do, the
second can do, though rossibly in a different way. The states of
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corresrondence for the symbolic simulaticn are determined by pairs of
tree <control structures called simulation control poipts, and
predicates. Predicates describe the ccnditions that the ipitial
values of the facility vector must satisfy in order to be in a
rarticular state. The states of corresgcndence specify relations
tetveen the components cf the respective facility vectors at these
rairs of points. The set c¢f all machine states fpairs and their
relation forms the simulation relation.

Froofs of equivalence generally proceed as follows. For each pair of
corresponding machine states in the sirulation relation we must:

1. Assert that the simulation conditions corresponding to each
component hold.

2. Run each abstract machine, fcllowing all rraths at branch
points and performing symbeclic computation until another
machine state is reached.

3. Verify that the new vtgair c¢f =states ccrresponds to a
component of the simulation relation.

4. Prove that the simulation conditicns of this ccumponent hold.

Ir such an execution analysis for proving equivalence, facility vector
parameters have as initial values either symbolic corstants (sym. ~ls
representing unknown but fixed values), cr values determined from the
simulation relation. When symbolic constants are encountered in
expressions being computed in assignrent statements as part of
Symbolic Execution, the value assigned is an expression involvirne
crerators and symbolic ccnstants. This exfression is always
sirplified combining like parameters.

¥hen symbolic constants occur in predicates evaluated to determine
pcssitle kranches, a single flow of centrcl may not be able to be
deterrined, since the rpredicate may evaluate to a Boclean expression
involving symbclic constants, which can nct be evaluated to "true" or
"false". In such a case all possible logically independent results of
evaluating the predicate must be considered. The program doing the
symbclic evaluation will now generate a sutgoal for each independent
result, add a predicate expressing the +truth of the result to the
predicate 1list, and simplify the result. One path 1is taken; the
remaining paths will be followed 1later. (If the rredicate involving
symbclic constants evalvates to true «cr false, tlen the r[preceding
rvltirvath apnalysis is not required in thtat cnly the cne path analysis
need continue.)

Bfter generating a series of sets of subgoals, a sigulation control
pcint for this 1level is reached. WNow it is required that the other
rachine is rup until a simulation contrcl point for that level is
reached.

At this point, a comparison is made between the specification result
and the implementation result. That is, the program verifies that the
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rair of control points reached defines a component of the simulation
relation. The values of the two facility vectors are sulkstituted into
tte simulation conditions of this comgpcnent and, using the predicate
list, all of these conditions are rroved tc hold.

Ttis process 1is repeated for each of the remaining tkranches of the
tree. In the process a ccmplete goal tree is formed. WRhen a coamplete
goal tree is formed, the analysis has been successful.

It may occur that a ccrrespondence can not be proved and thus, the
gcal tree cannot be comrleted. Then an error must be sought in the
ccde or in one of the descripticns. In addition the «cccurrence of an
unexgplained branch will signal the presence of an error.

€.2.%.1 Example

The following example is provided fcr further illustration of the
ccncert of symbolic execution:

if X<1 then Y: = 1-X else Y: = X-1

Suppose we wish to prove that after the statement is eiecuted

Y = |X-1. The object of the verification is tc ccrpstruct a proof
tree. A node in the tree represents a class of states of the systen
at one point in time. The root descriktes all the initial states in
wkich our program can start execution -- one state for each pair of
initial values for X and Y. The leaves cf the prccf +tree represent
all the possible final states =~ for each leaf we have to prove that
the states represented by the leaf satisfy Y = |X-1|. A branch in the
proof tree represents a computation path.

In our exampie the tree is first initialized to the following root:
1. Facility vector:

X contains v
Y contains w (where v and w are some artitrary syabols)

2. Predicate: eapty

3. Control point: before the if statement. The rcot represents
all those states where X and Y contain scme arbitrary values
v and w, which are not constrained by anything (predicate
list is empty), and where the 1if statement is just about to
be executed.

Symbclic execution is used to construct a tree of nodes representing
states reachable from the root by executing the given program. The
first statement is an if statement. Since our current node (the root)
represents states where v<1 as well as states where v21 we must split
the execution into two cases (i.e., two sub-goals). Tte first subgoal
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represents those states where v<1. It has the same state vector as
tte root, its ©predicate is v<1, and control is Jjust before the
assignment Y := 1-X. The second subgoal represents thcse states where
v21. Again it has the same state vector as the root, its predicate is
v21, and control is Jjust before the assignmment Y := X-1. Now we
ctcose one of these new leaves as the current node, say, the first
sukgoal, and proceed. The assignment Y := 1-X is executed by chauging
tte ccntents of Y to the expression 1-v and advancing the control
rcirt. Since the <contrcl has reached the end of the program we are
strpcsed to prove the assertion ¥ = |X-1f. Or, more exactly, it must
be provcd that the assertion holds in every stute represented by

1. Facility vector:

X contains v
Y contains 1-v

2. Predicate: v<1

3. Control point at the end of prcgram (actually irrelevant for
correctness).

Therefore we must prove that the predicate v<1 irrlies the assertion
with X and Y replaced by their contents. 2and that is the verification
ccndition

v<1 imglies 1-v = [v=1|,

whict is clearly true. In an analogous way we obtain from the secornd
case the verification ccpditicn

v21 implies v=1 = |v=1],

whiclt is also true. In the above example our simulaticn relation
wculd consist of two compcnents. In the first ccmpcnent the stopring
rcint identifies the beginning just before the if statement; the
associated assertion 1is true (i.e., no assumrtion about initial
values). In the second component the stopping point identifies tke
€end just after the if statement; the asscciated asserticr is

Y = |%¥-1). Thus, the goal tree is comgleted.
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€.3.1.2 Functional Diagram

A functional diagram Joes not arply for this agpproach.

€.2.2 Experiepce

This pmethtod is currently being investigated Ly Dr. W. Carter at IBd's

Research facility in Yorktown, New York.

€.3.3 Hardware Resources

This method does not require any <srpecific hardware resources.
(However, it does presufpose a computer is available with support of
tte 1SS system.)

Each vendor's implementation as well as the architecture specification
wculd have to be descrited in a machine readable format such as LSS
(Language for Symbolic Simulation). Alsc each vender's implementation
wculd require a different definition of the simulatior relation.

€.3.5 Persconnel

Ttis method requires ©personnel who are highly traiped in the area of
simulation, and are familiar with architecture description languages
such as LSS.

[V

€.3.6 Ofservations a Applicability to MIL-STD=-17%£0

— > e ————

This approach shows much promise for precviding a very ccaplete design
verificaticn of the architecture. It would also allow designs to be
verified before hardware was built. Since each of the rossible patks
ir the proof tree are followed for both the architecture specification
and the hardware implementation, the method will generally catch
suktle second crder effects.
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This could be a very high ccst arfproach since e€ach vendor's
inplementation would have to be described in a2 machine readaple
fermat. Also, the risk in using this avgroach is very high because
verification using this approach has not yet been demonstrated.
Ancther problem is that +this method verifies that the abstract
definition of the hardware conforms to the formal specification. It
does not validate that the intended functicns of the architecture are
tuilt into the hardware. The actual hardware would still need to be
ctecked for wiring errors, noise, timing races, etc. Certification
would require some type of further testing.

Due to the nature of the tools required, this method is judged not
feasible at this time, and will nct e considered for further
analysis.
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€.4 ARCHITECTURAL VERIFICATICN PRCGRAM - SYSTEM 360,370

6.4.1 Description

The IBM System/360 architecture verificaticr afpproach consists of a
set cf programs which allow test cases tc te written in a rtrocedural
language. These test cases are stcred on magnetic tape. A
strerviser, which is resident on the ccmruter whcse architecture is to
te validated, reads the test cases frcm the tape, executes them, and
ctecks for correct results. Any errors found are printed out.

A test case is sWritten to test each item ¢f the architecture. Each
test case is similar to what an engineer would normally enter by hand
tc test the same function. Each test case contains the setup and
expected results for testing one characteristic of <c¢ne instruction.
In some cases, primarily I/O, more +than one instruction is required
fcr proper execution. Each test case is written in such a way as to
test cnly one function at a time. The supervisor program automates
tte rrocess by setting up the system, executing the test case, and
ccoparing the exrected tc the actual results.

The supervisor is a 4K stand-alone program which requires a printer,
c:nsole, and some type of mass stcrage. In testing 1/0 channels,
€extensive use is made cf a program controlled I/0 Adapter to force
parity errors and specific I/0 1line sequences. This sutervisor reads
test cases from tape, and then sets up all general purpose, floating
rcint, apd control registers, and 1low core and main storage as
specified, It then executes the test case instructicn and initiates
ccmparisons with the expected results. Comtariscns include any
storace areas specified; all general purpose, control, anéd floating
rcint registers; and all of low «core frcm addresses (000-1PF. Input
test cases are bypassed if they require features that are not on the
machine being tested. Unless ctherwise =stecified in the test case,
all instructions are repeated via the FXECUTE instruction to test this
feature of the System 360/370 architecture.

Fcr successful cases, the test case numter is printed out for
documentation purposes. #hen an error is detected, the supervisor
prints out both the expected and the actual results for the failing
comparison. Only the error data is printed and, in crder to analyze
the problem, it is necessary to refer to the test case listing.

Tte verification proqgram is initiated ty 1locading the supervisor
program frcm a card reader or frcm tape. When loading is complete,
the system enters a wait state. The user console is used to start
execution. The «console can also be used to input additional test
cases when desired.

Lorr et
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€.4.1.1 Block Diagranm

Figure 6-3 depicts a hardware block diagram for this afprroach.

Console
Control and
User Input
Printer Computer Forces Parity
_Lrlnder 1/0 L ——] Errorsand 1/0
Prints Errors est Adapter Test Sequences
L/— 4K Supervisor

Figure 6-3. IBM System/360 Architecture Verification Elock liagram

6.4.2 Fxperience

Ttis method is used by IBM to validate the System/360 architecture on
all IBM 360,370 computers. This method is extremely successful as
demonstrated by success of the Systenr 360,370 arcihitectural
compatibility.

e s e . i i it e, e s

This rethcd requires the use of an I/0 Adapter, which simulates I/0
ctannels, to permit the testing of +the 260,370 I,C chanmels and CEC
instructicns which affect the channels. B direct I/C wrap catle is
also required to verify the direct «control feature. A console,
rrinter and some type of mass stcrage are also reguired to execute the
test cases.
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€.4.4 Software Resources

This method requires a contrcl program (which is run ¢ tune computer
under test), the test cases, and suppcrt rrcgrams to urdate the test
cases.

€.4.% Personnel

——l L e = 28

R person who is experienced at architectural verificaticn is reguired
tc write the test cases. The actual execution of the test cases can
te performed by a relatively inexperienced vrperscrh. 4 persco
experienced in architectural verification cculd Le reguirea for error
analysis, although error analysis is ©frobatly a coantractor's
responsibility.

€.4.6 Observations and Arplicatkility tc MIL-STD-1750

This apvoroach relies on a large number c¢f test cases ard exrerience to
previde for thorough testing of the architecture. If a sufficient
number of test cases are used, it can prcvide a very thorough method
to verify an architecture. The evidence of its success is the bign
transgortability of utilities and user rrcgrams amcng members of the
System 3€0,/370 family. Due to the nature of the test cases and tke
structure of the supervisor, additional tests could easily be added to
tte verification progranm.

This method!s greatest drawback is that the test cases must be
cererated manually. The appropriateness of the test cases generated
depends on the insight of the perscn writing them. During the initial
tse c¢f this method, many features <¢f the architecture may remain
unverified, but as problems are found and test cases tc uncover these
vrchblems are added, the thorcughness of the apprcach increases. After
sufficient time has passed, this approact can mature tc provide a very
thcrcugh method of verifying an architecture.

Thkis method allows extensive testing in a "“gquiet" environment. It
does not provide a facility to test interaction bhetween <channels or
tetween channels and the CPUO. This methcd tests all aspects of each
irstructicn with the exception of data dependency. An attempt is
rade, however, to use data that either has caused prctlems in other
systems or is suspected of being c¢ritical. Since a test case for
every bit combination for each 1instruction would ke astroncmical, any
¢ata dependency situations that are susrected are coded up and added
as they occur.

This method could be wused to provide a vendor and afpplication
irdegendent verification of the MIL-STD-1750 architecture. The
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treatest  elIoll regudiie’? te irflerert thie method would ve 1L
CEELANITC tlhe  lenl CaSes. Ir1trally, test cases wcull jrconelly te
catbere? 1o vepaols' ATP:, F71e¢, ard Tilagnosticeo. P deficiencies
vwere fournc Ll the frocedure, tect caces wcould e acdeéc to correct
tter. Adaltional test eculpmert would have to be built tc verify any
1/¢ lefirec 1L MIL-STD-17°%C. Rlsc, scre e ti.od ct 115t1ng arLy
tailures anc the data asscociated witl ther would hkave to Le jprovidec.
Thls aCrrcact passes the Jetineld prassyfaill criteria anc will rLe
ccnsiderec rurtner 1L Section 7.
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£.% PDCIAGNOSTIC

€.%.1 Description

Trte Tiagnostic approach tc architecture verificaticn is to make use of
tte irnlividual manufacturer's diagnostic rrcgrams. The verification
rrocra® i3 Createld by taking the diagnostic [progranrs apd removirnyd
tariware 1zplementation devendent tests frcm them and using cnly the
rerairing fparts that are functicnal ir nature. Because I this
reanval or nardware devendent tests, scre additional tests may need to
te written i1n crier to ccmpletely verify the architecture.

The TrCilagnostac methcd consists of taking each manufacturer's
diagnestic program for his computer and comkining them into orne
architecture verificaticr prcgram. The individual diagnostics cannot
ke taken 1n total, since they may ccntain implementation dependent
tests. That 1s, various manufacturers wmay have microcoded Euilt-In
Test Eouipment (BITE) tests or additicral hardware features, (not
defired in MIL~STD-1750) to increase the diagnostic carability o tthe
ccacuter. Althouga all comouters are MII-STD-1750 corpatibie from a
user's viewpoint, they are not identical frcm a diagncstic viewpoint
since the hardware imrplementaticn 1is different. Therefore, tkhe
manufacturer's diagpnostics must have all non-MIL-STL-1750 nrarcware
isplementation dependent differences remcved from them. Cnce this 1s
dcre, the diagnostics will run on any MIL-STC~1750 comruter. However,
tte removal of the imrlementaticn derendent tests decreases thLe
ccverage of the resulting Diagnostic architecture verification
Fregram. Additional tests may then have +to be added tc restore the
coverade to an acceptable level.
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€.5.17.17 Block Diagranm

Figure €-4 depicts a hardware blcck diagrar for this afpproacsa.

GSE Computer "o
Tester < , ;’:::ef Tester g:r_cesE
— — — r
_—{ and ?;0 r;zsr:
Sequences
Program Load Diagnostic

Program Control

Figure 6-4. Diagncstic Block Diagrar

€.5.2 Experience

Tte architecture of the aAdvanced Signal Frocessor (RSP), wihich was
develoved by the 1IBM Federal Systems Pivision in Manassas, Virginia,
was verified by wusing the Diagnostic arrrcach. This method was also
tcsed by the Army/Navy Conputer Family Architecture rproject in
verifying the PDE-11/70 computer architecture.

€.5.3 Hardware Resources

firce various @manutacturer's have added microccde and/or additicnal
tardware tc augment the diagncstic caratility of their computer, it
wculd be usetul to use those features ir verifying the arcuitecture.
Fcr example, if a manufacturer irrlemented a means of setting bits in
tte Interrupt Pending Register, this feature could be used to assist

in verifyirng the interrurt priority structure. However, to be of use
ir architecture verification, the feature would have tc te implemented
ty all ranufacturers. This means that the feature would have to

tecome part of MIL-STD-=-1750. Therefore, this method right require
extensicns to MIL-STD-17%50 rather than stecial additicral eguipment.

Cvidd
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€.5.4 Software Resources

The =software resources required by this method are the dJiagnostic
rrograms designed by each vendor. These rrograms wculd be used to
produce the Diagnostic verification rrogran.

£.S.% Personnel

——— e oy e s . g,

A person experienced 1in architectural verificaticn with =scze
understanding of diagnostics wculd be required tc design the resuiting
prcgram. The actual executicn of the methed <can ke performeda by a
relatively inexperienced Ferson. A perscn €Xrerienced in
architectural verification could te required for error analysis,
although error analysis is probably a ccntractor's respcnsibility.

€.5.6 Cbservations and Applicakility t

— =

A disadvantage with this methed is that it relies or the ciagrnostics
tc te vwritten in a functional, rather than a hardware-oriented method.
This could result in the diagnostics teccming much larger and more
ccstly than might be justified. Ccmbining functional diagnostics from
several vendors may or may not provide ccomrlete verification and would
certainly provide several redundant tests.

Tte Diagnostic method provides a good source of data to test the
critical points of algorithe igrlementation Lty various vendoers.
Hovwever, significant effort would te invclved to remove implementation
derendent tests from each vendor's diagncstic and then to combine the
various diagnostics into one Diagnostic verification —fprogram. Also,
this resulting Diagnostic program wculd have to be evaluated to
deterrine if removing the ircplementaticn dependent tests seriously
ccorcremised its usefulness. If this was found tc te the case,
additional effort would be required to formulate additional tests to
rrovide Letter coverage cf the architecture.

Tte Diagnostic wmethod starts out inherently vepndor dependent. Zach
Tiagnostic program has test cases which make use of implementation
dependent hardware features and knowledge of the imrlementation to
creduce the number of test cases. Hcwever, these dependencies could be
removed to provide the final Diagnostic verification rrograam. The
cply application dependency in the resulting Diagnostic method is that
the memory must be large enough to centain the progranm.

sk,
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I1f extensions were added to MIL~-STD-1750 to irclude EITE facilities,

it might be possible tc use vendor's diagnostics without extensive
rcdification.

This method passes the defined pass/fail «criteria and will be further
¢iscussed in Section 7.

- g
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€.€ FONCTIONAL TEST PROGRAM

l
; €.6.1 Description
|
l

The Functional Test Program (PTP) apprcach verifies tlke architecture
ty performing functional level testing c¢f the ccmplete instruction
repertoire, the main storage, the I/0, the interrupt structure aand tke

ccncurrent functions. The 1instructicn rerertoire 1is verified by
€exercising all iastructions and their fcrmats as defined in tke
architectural specification. The architectural specificaticn

describes each function to the level of detail that must te understood
in order to prepare an assembly language rrogram that relies on that
function. Instructions are exercised wusing all addressing formats,
registers, interrupts, and condition codes. The main storage, I/C,
and interrupts are also tested Ly exercising their functions as
defined in the architectural specificaticn manual. Test equipmernt is
required for the wman/machine interface (contrclling, loading) and
causing interrupts, I1I/0 and exception sequences.

The FTP method uses a <center cut arprrcach +to irstruction set
verification. First, a «core set of instructions are verified. This
ccre set is then used to verify the remaining instructions. Although
all addressing formats, registers, interrurts and condition codes are
exercised, the testing 1is not exhaustive for all data patterns. The
necessity of exhaustive testing is eliminated by krcwledge of tkhe
tardvare implementation. Also, because the FTP is used tc debug the
hardware and for environmental testing, it must be of a manageable
size and cycle in a short period cf time. This, therefore, precludes
tte use of exhaustive testing.

Tte method used for main storage testing is dependent on main storage
usage. Normally, the read/write porticns cf the main storage test do
nct check the portions <¢f the main storage in which tle test routine
and supervisor reside. These tfparts cf memory are checked by
cltecksums. This is due to the restriction that the complete FTP ke
contained in the main storage at all tires.

Tte verificaticn of 1I,/0, interrupt structure and concurrent function
is aided by the use of srecialized testers. The tester stimulates the
external inputs and the PTP verifies the proper oferation of the
computer. For external outputs, the FIP dJenerates the outputs and
they are stored in the tester for later analysis by the FTE. This
requires that there be an I/0 testar interface tetween the tester and
the computer under test., The tester is alsoc able to generate a nunker
of error conditions so that trroper operaticn of the computer can be
verified.

The PTP also exercises all Built-In-Test Fouipment (BITE) hardware for
rroper operation and to detect any hardware failures.
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Ground Support Equipment is required for program loading, control and
€rror rerorting.

€.6.1.1 Block Diagranm

Fiqure €-5 depicts a hardware tlock diagram for this afpgroack.

GSE l—>
Tester Computer 1/ Fo;ces
Under Parity Errors
> Test Tester —— and
Program Load 1/0 Test Sequences
Program Control
FTP
Supervisar and
Test Cases

Figure 6-5. FTF Blcck Diagranm

€.€.2 Experience

The IPM Federal Systems Division has made extensive use of this method
fcr verifying many ccmputer architectures. The FTF is used as a
development toocl to verify that the hardware imglements the
architecture. In addition, the PTP is vused as part ¢f the Customer
Rcceptance Test Procedure, as a reliability demonstraticn tool, and as
an engineering evaluation tocl during hardware bring-ur.

€.€.3 Hardware Eesources

The FTP method requires a specialized tester to verify 1,/0 operations,
tbe interrupt structure and concurrent operations. This tester is
designed for a particular cogsputer and I/0 configuration. Also, the
ccmputer must have a special interface to the tester sc that the FTP
can control the tester. In addition, Ground Support Equipment is
recessary for program ccntrel and error rercrting.

6-24




€1761751 FINAL REPCRT Fetruary 25, 1980

€.6.4 Scftware Resources

Tte software required for this method is the Functioral Test Frogram
itself. Since the test cases are imbedded in the procram, no special
facilities are required to add or update test cases., However, this
makes the addition or updating of test cases more time consuming
tecause parts of the FTP would have to ke reassembled and relinked.

€.€.5 Eersonnel

A person who is experienced at architectural verification is required
tc design the FTP. The actual executicr of the FTP can be periormed
bty a relatively inexperienced person. Error analysis could require a
rerson with a bigh degree of training in architectural verification,
| although error analysis is prcbably a contractor's respcnsibility.

€.6.€¢ Cbservations and Applicakility to ¥II=-STID=17%0

This approach bhas been used by the 1IBM Federal Systems C[ivision to
verify its wmilitary ccmputers. If thke implementation of the
architecture is known, then use of the FTP methcd for verification
yields a high degree of confidence at a reasonable cost.

In I3M's Federal Systems Divisicn experience, atcut 90 percent
{coverage) of the hardware will be exercised if only the architectural
specification is used to develor verification tests. The Treason is
that certain instructions can be imrlemented in different ways, eackh
cf which yields correct results but which w@might reguire different
types of tests to see that no implementaticn error has been made. The
IBM Federal Systems Division has found that FTPs cover Lketter than 99
rercent of the hardware after utilizing implementation information.
If a general purpose verification tccl is tc be developed like an FTP,
gcre exhaustive testing will be required given that the methods of
implementation cannot be predetermined.
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The PTP method <can provide a very cost effective mettod to verify a
ccmputer architecture. However, to be effective in a nmultiple verndor
ervircnment, tests must be enhanced tc make the testiug more
extaustive since the hardware implementation is no 1lcnger known. 2An
€xisting FIP may contain some vendor deprendencies in its test cases.
Fcr example, the use of a Diagnostic instruction or EITE bardware
facilities would make an FTP vendor dependent. However, these test
cases could easily be removed. The only arrlication dependency in the
F1P method is that the memory must be large enough to contain the
Frcgraam.

Ttis rethod passes the defined pass/fail <criteria and will be given
further consideration in Section 7.
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€.7 TINSTRUCTION SET PROCESSCF

6.7.1 Description

Tte Instruction Set Processor (ISP) aprroach consists of first
srecifying the architecture of a machine in a Computer Hardware
Cescription Language such as 1Instructicn Set Processcr Specifications
(I1sPS). This 1ISPS description must include all of the information
ncreally round in the architectural specificaticr marval. The ISBES
specification is then used as input to a rprogram whick automatically
rroduces test cases for a verificaticm fprcgram. This verirfication
Frogram is then executed on the computer to verify confcrmity.

Tc date, most Computer Hardware lPescrirtion language research kas used
the Isp family of languages in the areas «¢f description, simulation,
Fardware <synthesis, software synthesis and verification. Although
cther Conmputer Hardware Descripticn languages cculd be used for this
apprcach, we will focus cn the latest versicn of ISF (ISES).

ISPS was developad by Carnegie - Mellcn University to descrite
rrecisely the program level of a ccrruter. The ISES descritction
provides a standard, unambiguous description that «can be used to
srecify future softwares/hardvware develcpment and this description also
rrecvides a vebicle for defiring the recuired information used for
testing the architecture. An 1ISPS description defines the storage
elements and sequences of orperations c¢f a processor. Az ISPS
description consists of a block o0f storage declarations and seguences
cf recister or ccntrol transfer operations.

The storage elements 1include storage available to the programaer
(e.g., dgeneral registers and main storage) and local storage for the
processor (e.dg., interpnal registers like ¢frogram status). The
sequence of operations includes sequencing contrel of the data
orerations, and specifies how the ©processcr fetches, decodes, and
executes instructions. Storage elements are organized inforpation
structures; for example, a main storage might consist c¢f a number of
wcrds, each of a number of characters, each of a number of bits, or a
register might comsist simply of a number of bits. Storage elements
are defined in ISPS by a name and description of their structure.

Main storage is referenced, other than in stcrage declarations, by its
nare, gualified by an index if it 1is a multiword main storage.
Multiword @main storages rust Lte accessed using an arithmetic
exrression. Main storage references can be further gualified with a
rande of bits to be selected.

Fegister transfers are used to describe the data oreraticns on storage
€lements. Since most operations in a computer result in modifications
cf bits in storage elements, each action in a data transfer seguence
takes the form:

[+
]
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storage-expression<---data-expression

The data-expression describes the +transfcrmaticn c¢f information ard
tte kit pattern tnat is tc be placed in the storage element designated
ky the storage-expressicn. Data operators in ISP ipclude transfer,
relational, arithmetic, Boolean, chift and concatenaticn c¢ferators.
A1l data operators assume unsigned binary representaticr.

Tte evoking of actions camn be contrclled by conditiocnal actions of the
form:

(IF condition => acticn-sequence)

wtere the condition (a Boolean expression which is either false or
true, where false is defined as 0 and true as any ncn-zerc value)
describes when the action-segquence will be evcked, and the
action-sequence describes what +transformations take rfrlace cn wkat
€lements.

The capatility to select one of a list o0f alternative statements to Le
executed is provided by the DECODE statement:

DECODE expression = staterent-list

stere the value of the -expressiop is interpreted as ar ipnteger ard
tsed to select one of the alternative statements in the
statement-list. The alternative staterents are nct ccneidered to be
ccncurrent activities, but are a list of statements wbere the ith
ctaterment is executed if the value of the exrressicn is egual to 1i.

Tte infcrmation contained in the ISP description is used as input to a
test cenerator program which deterrines, from the storage declaratiorns
ané recgister control transfer overations, what tests are required for
€ach instruction or operation, and then generates assemtler level code
covering these test requirements.

Tke test requirements ccnsists of checks for the following:

The functional results

Values in registers used and unused

All required interrupt mechanisrs

Main Storage locaticns, both used and related

Ccndition codes, set or unaffected

Frror indicators

Order of occurrence of predicted events

Possible interference due tc¢ simultaneous I/0 and/cr interrupts.

Sufficient data patterns would have to be either provided to the test
cenerator as input or be created by the generator.
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Tte generated test program 1is then executed to verify that the
ccpputer meets the descripticr.

Crcund Support Equipment is necessary for rrcgram loading, control and
€rror reporting.

€.7.1.1Y Block Diagranm

Figure 6-6 depicts a hardware diagram for this argrcact.

Computer
Under
Tast
GSE P> ——P 1/0 Forces Parity
Tester Tester t— — — —{ Errors and /O
Test Sequences
Program Load Isp
Program Control Verification '
Program

Figure 6-6. ISP Blcck Diagram

€.7.2 Experience

ISPS has been widely investigated by the research ccmmpunity as a
veticle fcr ccmputer hardware description. IBM is currently
developing automatic test generaticn methods to verify architectures
tecause they show wnuch promise for future use. At tlte present time,
IEM is developing PL/I programs which generate assembler level code to
test limited sets of instructions for the ®IL-STLC-1750 and NATO AWACS
architectures.

€.7.3 PRardware Resources

The ISP method requires a specialized tester to verify 1,0 operations,
the interrupt structure and ccncturrent CPT and 1I/0 operatiocns. This

€=-29
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tester is designed for a particular ccmputer and I/C configuration.
Rlso, the computer must have a special interface to the tester so that
tte tester can be controlled by the Test program. 1In addition, Ground
Strpert Equipment 1S necessary for ©prcgram contrcl and error
rerorting.

€.7.4 Software Resources

A conmplete and unambiguous description of MIL-STE-1750 must be written
in ISP. The software required to generate the Test prcgram is a high
crder language program capable of generating all necessary tests from
key words and symbols in the ISP descripticon; but it doesn't exist arnd
needs to ke written.

€.7.5 Personnel

— —— — ————— —

A rerson who is experienced in architectural verificaticr and compiler
develcrrent techniques is required to write the prograr for the test
cenerator. The actual execution of the test cases can te performed by
a relatively inexperienced person. Frror analysis could require a
person with a high degree of trairing in architectural verificatiorn,
2althougt error analysis is probably a contractor's resronsibility.

€.7.€ Cbservations and Arplicaltility to ¥I1-STD-17E%0

This arpprcach shows much prorise for rroviding a very complete
verification of the architecture, but still has the "all ©possible
ccmbinations" limitation. However, at this time, it bas a high risk
factor associated with it, kecause all cf the tools needed for its
irprlementation have not been completely develore?d, The benefit of
this apvroacah is that it cculd be cne cf acst rigorous and
ttorough verification methods.

A goecd deal of benefit could be gained by using a Ccrfputer Hardware
Tescription Language to define the MIL-STr-1750 architecture even if
atto test generation was not attemrted.

} difficulty with the ISP method is that Ccrruter Hardware Description
Ianguages are still research tools. The =svuccess ¢f the nmethod will
depend on the maturity and quality of the 1language used. ISPS is
known to have some inconsisterncies and amtiguities stemring primarily
frcw the lack of a clear, precise, formal semantic definition of the
language.

Ancther problem is that automatic test generation programs are also in

6=-30
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tte research stages and have nct yet ‘Yteen used to cererate I/C or
irterrupt tests.

PIL-STD-1750 would need to be defined in terms «c¢f ISP and the test
ceneraticn program develcped for the MIL-STD-1750 architecture.

Tte testing techniques wused in the ISP apprroach are <sirilar to those
vsed in FTP and AVP approaches. The rain difference 1is that the
architectural anpalysis effort is aprlied in writin¢ a high order
language program which «can determine, from the architectural
descripticon in ISP, all the tests that are needed tc validate the
architecture. This approach is not considered tc te feasitle at thas
tire since the tools required are still in the research stace. For
ttis reason the ISP method fails the passy/fail criteria and 1t will
nct te considered for further analysis.

6=31
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€.8 LOCKSIEP

Tte lockster approach ccnsists of corraring the ccmputer under test
g2gainst one which is defined as conforming to the architecture. Thre
rrocedure consists of running an identical program on ccoputers which
are synchronized to each other. Synchrcnizaticn can Le at any timing
level or nmachir-: state. The test equipment then verifies that both
ccmouters produce the same results at each synchkronizing point. Since
cne cf the computers is defined as meeting the architecture, if both
rroduce identical results when running +the same fprcgram, ther the
second comgputer also meets the architectrure.

For a complete understanding of the lockstep method, the facilities
rrcvided by the Trace interrvrt must first bte wunderstcod. The Trace
irterrupt, if enabled, will generate an interrupt after the execution
cf each ipstruction. This enables the scftware to Trace the execution
cf the program. In addition to generating the interrupt, the hardware
also =<stores data concerning the =state <c¢f the ccmputer into fixed
storage locations. The data saved includes: the instruction counter,
stcrage address register, ccndition statvs, and the ccrtents of all
ceneral registers. This data can then be used by tte software to
trace the execution of a program. Tte data stcreé Ly the Trace
irterrupt concerning the state of the ccmputer is the most importarn-
rert of the Lockstep methcd.

The lockstep metnod consists of twc corruters, cne frevicusly verified
ty scme method, which is called the "cclden" ccrputer and runs the
tests, and the other ccrputer which is the one tc be verified. 7IhLe
"golden" computer loads the test to be run from thke diskette and
informs the computer under test via a serial channel which test to
lcad fror its own diskette. The test is run on both ccrputers and tle
Trace results are saved in a buffer after the executior of each of the
test case instructions. Once the test case is executed, the "golder"
ccmputer then reads the buffer frcm <the ccrputer under test via tte
cserial chlarnnel. It then ccmpares thke results obteaired from tle
ccoruter under test with its cwn results to see if the Trace data is
idertical. Any differences in the Trace data indicate an error ard
tte risccmparing aata 1s trinted out.

Ecth computers have a real-time operatirg system rurning ic tther.
Executing under this oper.ting system is tte program whiich selects tte
test cases to be run, communicates witt the <cther computer, angd
ccmrares the Trace data.
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£.2.1.1 Elock Diagran

Fiqure 6-7 depicts a hardware block diagram for this approach.

Forces
/0 | __ _{Parity Errors —] 1/0
Tester and Tester
X 1/O Test Sequences
Control for
"‘Golden”’ Computer v

Terminal ——P

r.__. Terminal

Control Computer
Printer ¢— “Goiden’’ Computer Under Test

Computer Under

Diskette

Control Program
Compare Program IT.P. Link

Control Program

Figure 6-7. lockstep Elcck Diagram

€t.8.2 Experience ;

Tte I2M Corporation has used this methcd to verify that all Series/1
ccmcuters comply to the Series/1 architecture. It was alsc used by i
the IBM Federal Systems Division cn the Verdin Ccrrelator and Space f
Stuttle I/C Processor.

6-2:
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6.8.3 Bardware Resources

Thtis methcd reguires a "golden"™ computer as well as hardware within
the computer under test to irplement the Trace facility. This Trace
tardware would not be difficult cor expensive to desigr in a new
ccmputer, but it could very difficult to add on tc an existing
ccmputer. In addition, scme type of lardware tester 1cs needed to

cteck 1I/0. Also, the ccmputer must have facilities for attaching a
CFT termipal, some type of mass storage (e.g., diskette), and a serial
cltannel.

6.8.4 Scftware Resources

Ttis method requires a real-time operating system to perform all
ccemunication with the rfperipherals. A ccntrol rrograg, and the test
cases to be executed are also required.

——— =

A person who 1s experjlenced 1in the design of real-time operatirg
systens is reguired to design the operating system and the control
progranm. A person exrerienced in architectural verification is
required to design the test cases. The actual executicn of the metkcd
can be rerformed by a relatively inexperienced perscn. A [rersch
exrerienced in architectural verificaticn may ke recuireé <for error
analysis, although error analysis is probatly a contractor's
resronsibility.

6€.8.6 Observations apd Applicakility to ¥I1L-STD-1750

The rardware 7Trace facility allows the «ccmparisons Letween the two
ccrruters to be very detailed and thcrough. This preans that the
verificaticrn procedure will Lave a hiclk deqgree «cf confidence. &lsc,
crce started, the procedure 1is completely autcmated, and so an
cperator need not pbe present when the test is beirg rur.

Tte major dicadvantage with this methked is that the first computer
(gclden) must be verified by some other metlod. Also, the test cases
mtet te generated manually. This means the quality cf the test cases
is deterrined by the person developing them. If the Trace interrugt
facility is not part of the architecture, the additicn of tlis
facility tc the architecture could be a rajor problem.

Trte test case genesraticn and execution rtart of this procedure is

6-34
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sigilar to the System/3€0 AVP method. The main difference is the
TEACE interrupt facility and the use of a second corfputer to compare
results. It is possible tc mcdify this pethod =c that only the
ccomputer under test is needed. Instead of comparing data to that
generated by the "golden" computer, the "golden" «computer's data can
te stored on an external device (diskette) and the computer under test
can ccmpare its data to the stored data. This would require a larger
rass storage device. The Lockstep method does not contain any vendor
dependencies in 1its test cases; however, unless the Trace interrupt
facility is standardized in the architecture, vendcr defpendencies
cculd arise in the contrcl of the test grogram. The cnly applicaticn
derendency in the Lockstep method is that the memory must bLe large
€rcuch to contain the prcgram.

This method passes the defined pass/fail <criteria and will ©Le givewn
fvrther consideration in Section 7.
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€.S SUMMARY

The eight approaches described atove are summarized in Table 6-1.
Ttey can be grouped intc four different generic types. These types
are TFunctional, Random Instruction, lockstep, and Analytical. Tke
functional type consists of the Functiomnal Test Program, Architectural
Verificaticn Program, Acceptance Test Prcgram, Diagnostic Program, and
tte ISP method.

Tte Functional type of verification procedure comnsists of a progranm
wkich verifies the architecture by executing a number of test cases
which test the architecture at a functional level. The origins of the
Frcgram vary depending cn the method used tc generate the functional
type test. The Functional Test Program (FTE) method starts with the
FTP which is used to debug the hardware and generalize it. The
Architectural Verificaticn Program (AVP) method uses the AVP which is
more ceneral and more exhaustive then the FTP. The Acceptance Test
Prcgram (ATP) method wuses the ATP which is wusually somewhere in
tetween the FTP and AVP in generality. Tte Diagncstic Program starts
with the diagnostics for the hardware and attempts to generalize thenm
and remove any implementaticn derendencies from the test. The ISP
method attempts to generate functional tests automatically from a
detailed description of the architecture. The ISP method is an
automated AVP.

The Randcm Instruction type consists of automatically generating
randcm sequences of 1instructions, executing them, and verifying that
tke rroper results are generated. The expected results are determined
ky sirulaticg the random sequence of instructions on a simulator. The
rain effort in this apprcach is to design a simulator which models the
architecture as closely as possible. The architecture must be modeled
withk sufficient accuracy so that the =sirulator and actual hardware
give idertical results.

The Lockstep type consists cf running a furnctional tyre test program
cn two ccmputers and comparing the results of the test run oun the two
ccopputers. To aid in the testing, a hardware trace facility is added
tc the ccmputers. This facility allows all pertinent data concerning
tte state of the computer to be =aved after the execution of each
irstruction. This state information is saved after tlte execution of
€each instruction of the test case and compared Letween the two
ccrruters. Tne main effort in this arrroact is the isrlementatiorn of
tte trace bardware and designing and codirc the functional type test
rrogranm.

The Analytic kesearch type consists of converting tle architectural
description and the implementaticr (micrococde and/or 1lcgic diagrams)
into symbolic language descriptions and syrtclically executing both to
verify that they produce the same result. This method relies on
ccerlete descriptions of both the architecture and the irrlementatior.
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The main effort in this approach is in ccnverting tc the symbolic
language and executing it. It 1is 1important to realize that this
rethod verifies the intended implementaticn (the lcgic) not the actual
hardware. Also, this method could be used for verification before the
actual hardware is built.

6.5.1 Pass/Fail Evaluation

The approaches were evaluated using Vendcr Independence, Application
Inderendence, Feasibility, Uniqueness from other approaches,
Availability of Information, and Testaltility within a two week period
tc deternine viability for vuse as a verification aprroach with the
fcllowing results.

Two approaches, the User Oriented Microprocessor RIP and the Adam
ATP, were eliminated due tc lack o¢f information. However,
indications are that they are similar tc the AN/AYK-152 ATP.

Although the Functional approaches yield similar verification
aporoaches, none of the methods were judged to ke significantly
sirilar to another to Jjustify failing them since e€ach of the
functional methods meet different design requirements.

There were some arrlication and vendor dependencies in some of
the methods. However, these dependencies were ccnsidered to be
correctable.

Two approaches, the ISP method and the Analytic method, were
eliminated due to feasibility. These were elimirnated because the
tools required to implement the &wmethcd were nct sufficiently
developed for use at this time or in the near future.

Takle 6-2 further summarizes the pass/fail analysis presented ir this
secticn.
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Table 6-2. Pass/Fail Apalysis

Method Pass/Fail Failure Criteria
Acam ATP Fail Not Unique*
AN/AYK-15A ATP Pass
Randce Instructions Pass
Analytical Approach Fail Not Feasitle
AVE Pass
Diagnostic Pass
FTIP Pass
1<P Fail Not Feasitle
Lockstenp Pass
User Oriented Fail Not Unique*

Micro Computer (ATP)
* Sukset cf AN/AYK-15A ATP

Fekruary 29, 1¢80

Ceneric Tyge
Functional
Functional
kandom
Instruction
Bpalytical
Functional
Functional
Functional
Functional
Icckstep
Functional
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7.0 ANALYSIS

e

Thke previous section provided detailed descriptiorns of the different :
verification approaches and applied the —rass/fail criteria to thean.

This section provides, for those verificaticn approaches that remain, !
detailed cost information and the gquality data, as required by the |
ccst model. These data are analyzed and the results interpreted. !

This section coasists of four rarts. The first discusses the various
test configurations. The second presents ccst data for the different .
verificaticn approaches. Next, the quality data 1s presented and i
analyvzed. Finally, conclusions are drawn tased on the (first three :
sections.

7.1 TEST CONFIGURATICN |

Fach verification approach may be implemented utilizing a variety of
test configurations. For reasons c¢f tfracticality the <folilowing
geperic test configuraticns have Leen identified as being
recresentative of all rossibkle test configurations in degrees of
ccrplexity:

Manual - minimal hardware configuraticr
Automatic - simple I1/0, self-hosted contrcl
Master/Slave = auxiliary processcr to support testing.
Tte Manual Test Configuration will be discussed first, followed by the

Master/Slave Test Configuration. The Butcpatic Test Coanfiguration
will te described last, with arguments presented for ccnsidering it as

a subset of the Master/Slave Test <Configuration. Fach test
configuration is further broken dovwn into hardware and software
ccmponents. Vendor surrlied and Air Force supplied items are

separately identified. Cost items are alsc identified as applying to
€ither the vendor or to the air Force.

7.1.1 Mapual Test Configuration

7.1.1.1 Description

Tte Manual Test configuration is, by definition, the minimal hardware
configuration pecessary tc verforn adequate self-docunenting
verification to the MIL~-STD=1750 architecture. The test configuration

7-1
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requires all hardware to be supplied by the vendor, and makes no
equipment requirements of the Air Force other thanm tle power to run
the test equipment and computer. The hardware necessary for the
manual configuration is as fcllowus:

L MIL-STD-1750 Computer
. Ground Support Equirment including the fcllowing:
- Memory Load Facility
- Hardcopy Device (Printer cr Typewriter fTerminal)
- Memory and Register Tisplay/Modify Facility
- Program Start and Stop/On Ccmpare Facility

Figure 7-1 depicts a typical Manual Testing Configuration. Software
is =suprlied by the Air Pcrce and the vendor. The architecture
verification program for the MIL-STD-1750 is developred by the Air
Fcrce, assuming a standard subroutine linkage for output messages to
tte vendor supplied hardcopy device. The vendor wmust develop the
cutrut subroutine.

Operator’s

Control Panel
Program MIL-STD-1750 Printer
Load Computer
Facility

Figure 7-1. Manual Test Configuration

Jen. LI
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Tte certificaticn scenaric would then te as follows:

1. The Ailr Force gives a copy <cf the verification Eprograx
source code tc the vendor and an output sutroutine
specification.

2. The vendor develops the sutroutine to handle bhardcopy
output, and tken rrerates the 1load tapes Lty asseabling
source and link editing with the cutput subrcutine.

2. The vendor brings the computer, test equipment and progran
lcad tapes (ccentairing 1lcad nmcdules of the verification
grogram) to SEAFAC.

4. Under SEAFAC <o¢bservaticn the vendor first «clears wmain
storage to all zercs (which the Air Fcrce verifies), and
then loads and executes the verification program which
prints out the results.

S. Various random memory locaticns are inspected to verify the
integrity of the verificaticn rrcgram c¢n the lcad targpe.

€. The vendor leaves the lcad tapes and assemtler/iink editor
listings with SEAFAC for archive rurgoses.

7.1.1.2 Apalysis

The Manual Test Configuration offers a low cost testing environment
fer the Air Porce to conduct the MIL-STD~1750 certification process.
The hardcopy device provides autcmatic self-documertaticn c¢f test
cases under control of the verificaticn trrogran. The vendor has
tre-verification offsite testing atility. After successrully testing
offsite, omsite compliance to the verification ©procedrte should be
simpler. The risk of the vendor fraudulently t 3difying the
verification program to compensate for arctitectural inadeguacies is
offset by the Air Force's keeping the 1cad tapes for future reference

if necessarye. The disadvantages asscciated with this test
configuration center around its limitaticns associated with manual
irtervention. If the verificaticn program requires several systen

lcads, then the memory loading procedure cculd bLeccme a critical
factor. If several 1lcads could not be wmade from the same IPL tape,
cseveral tape mounts are necessary. This data will be described
further in the analysis of subsequent proposed verification
arrrcaches.
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7.1.1.3 Costs

Air Force costs associated with the Manual Testing Ccnfiguration are
limited tc software develorment and rnaintenance costs and normal
certification personnel staffing hours as required Lty the selected
verification program and testing procedure. Hardware ccsts to the RAir
Force are ncn-existent since all hardware is supplied ty the vendor.

Vendor costs include hardware costs, =scftware costs, and computer
orerator coste. The bhardware necessary for the manual test
configuration can be considered to be thke standard equiprment used for
ncrmal computer development with the excertion of the hardcopy device.
Software cost would include the develcpment of the ottput subroutine
and the generation of the locad tares. Personnel costs would simply
cover the vendor representative presence tc mount the 1load tapes and
start the verification program running.
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7.1.2 pasterySlave Test Configurati

7.1.2.1 Description

Tte Masters/Slave Test Configuratic
configuration considered tc
MIL-STD=-1750 architecture. The t
vendor and Air Force supplied hard
associated with the Master/Slave Tes

ITEN

Master Computer with the
fcllowing:

- Hardcopy Device

- Auxiliary Storage

- Console/Terminal

- Ccmmunications Llink
- MIL-STD-15Et3
- RS-232

MIL-STD-1750 Computer

170 Channel on MIL=-STD=1750 or
Chanpnel Adapter
(i.e., 1553, RS232, etc.)

Ground Support Equipment with
- Main Storage LlLoad Facility
- Main Storage and Register
Display/Modify Pacility
- Program Start and Stop
on Compare Facility

The <software necessary to carry
Master/Slave Test Configuraticn woul

Verification Progranm for
¥IL=-SID=1750

Bootstrap Program cn
MIL-STD=1750

Control Program on Master
I1/0 Interface Test Programs

Otility Programs

EPCR1 Fetruary 29, 1

on

n 1is thke most <ccaplex hardw
perform the verification to

est configuration reguires b

ware ard software. Tee bardw

t Configuration is as fcllows:
SUPPLIEE

Air Force

Vendor

Vendor

Vendor

out the certificaticn under
d te as fcllcws:

Air Force

Air Fcrce

Air Force
Air Force

(Standard on Master
Computer)

9gl

are
the
oth
ale

t he
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Incut/Output Subroutines Vendor

Ficure 7-2 depicts the Faster/Slave Test Conficuratiouwu. The
certification scemario wculd be as follcws:

1. The Air Force gives a copy of the boctstrap rrogram source
ccde and I/0 Test Programs (toth require vendor supplied 1,/0
subroutines) to the vendor and specifies 1,0 subroutire
reguirements.

2. The vendor developrs sulkroutines to bandle 1I1/C, and ther
prepares a bccetstrar load tare by assemkling Lootstrar
program source and link editing it with the 1,0 subroutines.
Ar I/0 Test Program load tape is similarly developed.

3. The vendor brings ccrputer test equipment ané load tapes to
SEAFAC.
4. Eoth the vendor and the Rir Fcrce «connect the PMaster

computer to the vendor's I1,/0 channel.

<. The I/0 Interface Test Prcgrams are loaded and run tc verify
the communication interface tetween the unit under test and
the Master computer.

€. Under SEAFAC okservation the vendor 1lcads tie kootstrap arnd
I/0 programs and starts tcctstrar execution.

7. SEAFAC personnel start the ccntrol program omn  paster
computer.
2. The verification rroaram 1is transmitted tc the vendor's

MIL-STD-1750 ccrmputer by the Master «ccmputer and control is
given to the verification ©fprcgranm. When the verification
program finds an error ¢r recuests more test cases, the
Master computer is nctified cver the ccmmurication link.
Test results are documented cr scre fcro of hardcopy device
(typewriter terminal or printer) assoc.ated with the Master
computer systern.

7.%.2.2 Analysas

Trte Masters/Slave Test Configuration cffers the greatest degree of
avtcmation available for the Air Force to conduct thke MIL-STD-1750
certification process. Furthermore, this approach makes certain
verificaticn approaches feasible (Randcm, BRVP, Locckstep) that would
nct tave been feasible due to implementation restricticns discussed in
sukseaquent sections of this document. The MastersSlave fTest
Ccnfiguration also makes wuse of the available peripherals associated
with the Master computer and facilitates excellent tracking capability

7-6
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Operator’s
Control
Panel

A

v

MIL-STD-1750
Computer

?

. 4

Bootstrap
Load
Facility

Channel
Adapter

Master
Computer

-

Auxiliary

A Printer
torage

Terminal

Figure 7-2. Master/Slave Test Configuration
(Sheet 1 of 1)
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(ex. spooling intermediate results to mars =storage to ke printed at a
later time). The Master/Slave Test Configuration tkrinc¢s into plajy, as
well, the powerful <comrputation power cf the Master and associated
surport software.

The disadvantages associated with this test configuration are cost ard
ccrrlexity. The cost of the Master <ccmruter is considerable under
rcst circumstances, but for purposes of this study, the cost of the
Master computer, 1its tferipherals and +the MIL-STD-1E5S3 or RS-232
ccommunicition 1link are to be considered as zero since they are
€xisting SEAFAC assets. From the vendor's rersrective, the impact of
tte Master/Slave Test Configuration (besides the additional
inrut/output routines and I,/0 channel reaquired) is the gctential
liritaticn concerning pretest. Depending or the verification approach
cs€lected to rumn under this test configuraticr, the vendcr will ke able
tc utilize parts of the test code made availakle prior to in-house
| testing by the Air Force at SEAFAC. Ir the area of «ccmrplexity, tke
w Master/Slave Test Configuration puts an additional cost turden on the
Rir Force for deveioping the bcotstrar rrcgram fcr the MIL-STD-1750
and contrcl program fcr the Master ccmputer, as well as the I/0
Interface Test Progranms.

7.1.2.3 Costs

Pir Force's cost associated with the Mastery/Slave Test Configuration
can te segmented ..nto twc areas; (1) hardware costs and (z) software
costs. "The hardwere costs to the Air Fcrce would include the cost of
tte Master computer with related peripterals and corrmurications lirnk
wtichk have alreacy pbeen estabtlished tc be zero. The =soitware costs
are ccmpounded by the additional develcpment costs of the Loctstrar
rrogram for the unit under test and the control prograr for the Master
ccrputer along with the normal cost of writing (and maintaining) the
celected verification program. The I/0 1Interface test programs are
necessary to integrate the vendor and tte Bir Force herédware prior to
actual verificatic-.

SERFAC vpersonnel requirements tc mcnitcer the execution of the
verificaticn program wculd be minimal sirce the arpgrcach is £ully
avtomated. A technician familiar with tte Rir Force'’s I,/C Interface
stculd ke availakle to assist the vencdor wten the verdcr conrects to
ttat I/0 Interface. Vendcr ccsts consists of the norrmal coryuter and
Grcurnd Suprort Equipwment augmented by the I,/0 channel recuiremert.
€oftware provided by the vendcr consist cf the I,/0 sultroutires anc tte
Ycctstrar and 1,0 Test Prcgrar lcad tarces.

A - : DR * P
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7.1.3 Autcmatic ies. onfiguration

7.17.3.1 Description

The Automatic Test Configuration provides a wcrkatle

ccnduct the certification of the MIL-STD-1750 architecture.

fcllews:

1IEN

Certification Perirherals
- Hardcopy Device
- Auxiliary Storage (Tape/Floprpy LCisk)
- I/0 Adapter (MIL-STL-15%53/RS-212)

MIL-STD-1750 Computer

I1/0 Channel or I/0 Adapter omn MIL=-STL=~1750
(MIL-STD~-1553/RS=232)

Ground Support Equipment
~ Main Storage Lcad Facility
- Main Storage and Register
Display/Modify Pacility
- Program Start and Stop on Compare Pacility

Tte <software necessary to «carry out the verification
Autcmatic Test Configuration would ke as fcllcws:

standalone

self-documenting system, with reasonatle cost and rperformance to

This test

conficuration places the same software and bardware requirements on
! the vendor as described in the Naster/Slave Test Configuration. The
1 hardware associated with the automatic test conficuration is as

SGPPLIER
Air Force
Air Force
Air Force
Air Force
Vendor

Vendor

Vendor

under the
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Verification Program for MIL-STD-17%50
Rootstrap Program on MIL-STL-1750

Contrcl Program to Access Auxiliary Storage
I1/0 Interface Test Programs

Input/Qutput Subroutines

Utility Programs

Fiqure 7-3 depicts the Automatic Test Configuration.

QOperator's
Control
Panel
Bootstrap MIL-STD-1750
Loa.d_ Computer
Facility
- Channel Printer
Auxiliary Adapter
Storage

Fiqure 7=-3. DRutomatic Test Configuration

"te certification scenario would be as fcllows:

Air Force
Air Force
Air Force
Air Force
Vendor
(Standard on

Development
Computer)

1. The Air Force gives a copy of the boctstrap program source
code and I/0 Test Program (both require vendor supplied 1/6

subroutines) to the vendor and specifies I/0
requirements.

2. The vendor developes subroutines to handle 1I/0,

subroutine

and then

prepares a bootstrap 1load tare by assemklinc the tootstrap
program source and link editing it with I/0 sukroutines. An

7-10
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I/0 Test Program load tape is similarly develcped.

3. The vendor brings his ccmputer, test equirmert and load tape
with the bootstrap program and I/0 subroutines to SEAFAC.

4. Both the vendor and the air Force ccnnect SEAFAC's
certification peripherals to tke vendor's I/C channel.

S. I/0 Interface test programs are loaded amd run to verify the
communication interface tetween the unit under test and the
Air Force supplied peripherals.

6. Under SEAFAC observation, the vendor lcads tke bcotstrap and
I/0 programs, and starts their execution.

7. The bootstrap rrogram lcads the verificaticn ©program from
the auxiliary storage and cormences execution. Erxrors or
other messages will be 1logged out on the pricter.
Subseguent program loads from auxiliary storage will be made
under program contrcl. No manual interventicn is necessary.

7.1.3.2 Aaralysis

The Automatic Test Configuration offers +the simplest fully automated,
self-docunenting system for the Air Force to conduct the MIL-STD-1750
certification process. This approach facilitates certain verification
arrroactes, but limits the potential dynamic nature cf certain test
crecedures (Random) which will te exrlained in subsequent sectioans.
The main disadvantage of this approach is that it requires the Air
Force to purchase, integrate and maintain the selected peripheral
devices. Vendor requirements are the same as fcr the Master/Slave
Test Configuration, but the implications of pre-verification occurring
cffsite using the Air Porce develcped verificaticn prcgram blbecoames
mcre feasible since the Automatic Test Configuration is easier for tkhe
vendor to implement than the Master/Slave Test Confiquration. The
Automatic Test Configuration might alsc be considered portable if the
Air Force implemented it as such.

In summary the Automatic Test Configuration will give the Air Force
considerabdly less function than the Master/Slave Test Copmfiguration,
at the sanme time costing more because cf the purchase of additional
peripberal devices. The vendor requirements are the same and the Air
Force's software costs are the same as for the Master/Slave Test
Configuration, thus indicating that the Master/Slave Test
Configuration offers a superior type of apgroach.

7-11
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79.1.3.3 Costs

The cost to the Air Porce tc inplement the Autopatic Test
Conficuration tc support the certification of the MIL-STD-1750
ccmputer consists of the following items:

. Purchase of Certification Perirherals (Auxiliary Storage and
Printer)

Development of Interface

] Development of Verificaticn Prcgranm

. Development of Bootstrap Progranm

. Development of the I/0 Interface Test Progranms
U Maintenance of all Software

Vendor costs would be the same as with the Master/Slave approach.
SEAFAC rersonnel reguirements, to monitor the execution of the
certification program, would be minimal since the approach is fully
avtomated. 4 dypnamic approach could be selected requiring the
sukstitution of auxiliary storage to handle additional data
requirements (floppy disks or tapes), thus reducing the system to a
seri-automated state. The 1I/0 Interface bring-up would reguire. a
technician familiar with the Rir Porce's I/C Interface to assist the
vendor. '

7.1.4 Ccmparison

All three approaches described in the preceding secticns provide the
Air Force with some form of certification facility. The Manual Test
Configuration offers +the least amount of automaticn while the
Macster/Slave Test Configuration has the most. Tte Manual Test
Cenfiguration restricts the irplementaticn c¢f the verification program
to certain verificaticn afpfproaches, while the Master/Slave Test
Corfiguration places no 1liritations on the verification approach
selected. The Manual Test Configuraticn rrcvides corvenient offsite
pre~testing by the vendcr, while the Master/Slave Test Configuration
has some potential implementaticn dependent limitations.

The Automatic Test Configuration costs more for the Air Force to
irrlement because of +the additicnal hardware purchased, while
rreviding less function than the Master/Slave Test Configuration. For
this reason, the Automatic Test Configuration will be dropped from
further consideration as a feasitle test configuration. Subsegquent
verification apgroach analysis will center around the <emaining two.
Takle 7-1 suwmarizes the cost breakdewrs and components associated
vwith each test configuration.
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Takle 7-1. Test Elerments

X L L P P L L L R L I Y P Y L Y Y E T P P Y P P P Y P R L P L L L R T

| (For Verifica- (For Verifica-

| | Master/Slave | Autcratic | Manpual i
3+ttt t 1ttt x+r +r : £t + ¢+ + 2 5 + F 1+t F 1 T3ttt Ittt 3t l

| Vendor Costs | | | |

l | | | |

{ Software {I/0 Subroutines |I/0 Subroutines |Output Subroutine |

| |Load Tape |Load Tarpe {Lcad Tape | .

| | Support Software |Support Software |Support Software | ;

i [ | | | k

| Perscrnel IGSE Operator J]GSE Orerator JGSE Operator } !

i | | | |

| Hardware | 1750 Computer 11750 Conmputer | 1750 Computer }

| | Special I/0 |Special 1/0 | Ncre |

{ | Interface Interface |

] | |

| !

| |

| |

| |

{ . I
|Master Computer |Peripherals |Printer

{ (

| |

| tion Pre=Test) ticn fre-Test)

’ S S S o +

k.
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Table 7-1. Test Elements (cont)
EX X P P Y R R L Y L L L L T L - —— - " - —— - - - - -
} } Master/Slave | Autcmatic | Mapual |
' 3 3 4t ¥ + T ¥ 1 T 3 1+t ¢+ + ¢+ ¥ ¥ ¥ ¥t ¥ 1+ + ¥+ ¥ 3 F S 3 ¢+ BRI T 3 2 3 F ¥ ¥+ X T ¥R T R T ¥t FF I X I+ 4
|2ir Force Costs| | | |
i | | ( |
| Software iVerification JVerification |Verification {
1 | Program { Program | EFrogranm |
{ I ] } |
_ i {Bootstrap Source |Bootstrap Source |Ncne |
| | |Control Program |Utility Program -|UOtility Program - |
! 1 | |0ffload Test Code| 0ffload Source|
! |Support Software |Suprort Software |Surrort Software |
| {I1/0 Test |I/0 Test II/C Test |
! { | | l
| Hardware |Interface |Interface |Ncne |
{ I 1 l |
| | Master Computer/ |Perirherals | N¢cne |
| { Peripterals } | |
| | | |
{ Personnel {Develcrment |Development {Develogrment |
| | Programmers | Programmers | Erogrammers ]
| l | | |
| |Maintenance | Maintenance |Maintenance |
I | Programmers | Prcgrammers { Frogrammers |
| 1 ( | i
{ {Test Operator/ |Test Cperator/ |Test Operator/ {
| | Observer | Okserver }| Cbserver |
i i i | l
{ |Integration |Integration | Ncne |
| | Technician f Technician | l
| | | | |
| Otter |Test Procedure [Test Erocedure |Test Procedure 1
| | {
| | |
| | |
| | i
+ +
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7.2 TEST APPROACHES

In ¢this section, the test approaches remaining after applying the
pass/tail criteria will be discussed under two test configuratioas,
Manual and Master/Slave. Bach approach will be analyzed and described
in perspective with "being irplemented™ as a verification program for
tbke HMIL-STD-1750. Variations of «certain approaches will also be
covered. The proposed afpproaches discussed in the following sectioans
are:

L AN/AYK=15A Acceptance Test Progranm
. Random Instructions
L Architectural Verificaticn Program (AVP) - System 360,/37¢C
. Diagnostic
o Functional Test Program (FTP)
- with existing FTP availatle

- with no FTP available

L Lockstep
- with Trace feature
- without Trace feature
- with Simulator instead of "golden"™ computer
- with predetermined results

In order to facilitate the «comparison cf ccmparable cuantities, the
fcllowing assumptions are made concerning each projected apgroache.

1. Each (non-Random) verificaticn prcgram has on the average 25
test cases per instruction resulting in apprcximately 5,000
separate test cases being generated for an architecture of
the MIL-STD-1750 class.

2. A programmer productivity of 2 test cases per day is
assumed. The Air PForce's suqgested rate fcr Operational
Plight Program develorment is 110 1lines c¢f High Order
Language instruction statements rper month, ard 75 1lines of
machine language instruction statements fer mcnth. They are
modified for calculating the developeent cost of
verification programs based cn the following reasons:

a. Verification programs are greatly simpler in complexity
and organization than operational flight prograams.
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k. Verification frograms are easily wmcdularized into
different program segments.

C. There is a minimal amount of inter-module communication
in verification programs.

d. Each module in a verification prograr contains only
very simple program logic.

€. Each module's function is extremely repetitive in
nature (i.e., load data values, perforr operatiocn, and
check result with the expected result).

f. The main storage area (reserved for comnstants and
expected results) comprises 30 to 50 percent of each
test module.

Therefore, a programmer productivity rate of 200 1lines of
High Order Language instructicn statements per month, 180
lines of machine language instruction statements for control
program code, and 2B0 lines of machine language instruction
statements for test progranr code per month are used in
calculating the developrment cost for the verification
progranms.

Software maintenance costs are projected assuming that two
errors are found per a thousard 1lines cf delivered code and
that each error takes 1 man week to correct. Software
maintenance costs are based cn a ten year 1life of the
verification program.

Total recurring costs are based cr a ten year life of the
program and 30 computers being certified.

The MIL-STD-1750 computer has a 32K, 16-bit words of main
storage.

The VAX 117780 computer system, the HKI1-STD-1553 I,0
channel, and the RS=232 I/0 channel are availakle to support
the Master/Slave approach at zerc cost.

The time required to perform validation does nct include the
time allocated to cabling up the computer ard verifying the
I,0 interface. It is assumed that a 8-hour time slice would
be more than adequate to support this activity.

For calculation purposes, the unit under test compuater is
assumed to be a 500 ROP machine, and the Master computer is
capable of executing one million instructions per second and
prints at a 300 line per minute rate.

A cost figure of $70K per man year is used in developing
dollar cost totals.
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Contrary to intuition, the type of vprogram known as a
"Control Progranm" varies tcth in =ize and fuaction
tbroughout the 12 approaches analyzed. Therefore, cost
figures for each aprroach will reflect this variance between
contrcl progranms. Similarly, the overhead processing per
test case for each approach varies frcm 50 ipstructions for
AN/AYK-15A, Diagnostic and FTP, to 1,000 for Lockstep,
10,000 for AVP and 15,000 for Random. These€e numbers were
developed from the data gathered during the first phase of
the study and represent the type of processing required in
the test case initialization and executicn fcllowed by the
verification of results. The first three approaches invoke
in-line tests, thus taking little overhead. The remaining
approaches require operating system overhead, or control
card processing (AVP), or <simulation and incur a 1large
amount of additiomal processing.
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7.2.1 RAN/AYK-15A ATP ip a Mapual Test Ccpfiguraticn

7.2.1.1 Description

R verification program developed from the AN/AYEK-1%52 ATF, targeted for
a Manval Test Configuration, would yield a satisfactcry and thorough
static test of the MIL-STD=-1750 instruction set. Using the existing
BAX/AYRK-15A ATP as a starting point, the fcllowing modifications must
te made. Each test module must be analyzed for content with
irrelevant test cases excluded and relevant test cases added to
ircrease coverage. The supervisor prograr must alsc ke wmodified to
communicate with the newly defined I/0 interface asscciated with the
manual test copfiguration. The estirated size of the finished
verification program is S$6K, requiring three prograr lcads.

7.2.1.2 Non-Recurring Start-Up Costs

The cost of implementing a verification frcgram kased cn modifying the
AN/AYK-154 ATP under a Manual Test Cornfiguration would consist of the
fcllewing software develcpment components.,

H

Mcdification of AN/AYE~1SA ATP
(Modify 30% of 30K EAL* = 9K)
(Write 1K BAL Control Progranm)

3.1 man years

Source Tape Generator Progranm
(500 BAL)

0.3 man years

Test Plan Document 0.3 man years

TOTAL 3.7 man years

|*BAL means Basic Assertler language]

or, eguivalently, l
| Machine Language Instructiomns |
| HOL means High Order language |
{ i
|Note that where HOL and BAL figures|
lappear on the same line, this means|
jthat portions of the rrcgram will |
|be written in each language. |
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7.2.1.3 Recurring Costs

The recurring costs associated with a verificaticn arrroach based on
tte wmodificaticn of the AN/AYR-1513 ATP under a Manual Test
Configuration coasist of two major components - verification cost, and
the cost to sustain the software. The recurring costs reflects the
cost per ccmputer tested, assuming 30 c¢cmputers tested over a 10 year
period. The verification «costs are rprcgerticnal tc the staffing
allocated during each vendor verification and the actual time it takes
tc ccmrlete each verificaticn grocedure. The cost +tc sustain the
scftware based on the number of source lines of code (not progran
size) are calculated 1in the fcllcwing table. An additional cost,
althougl ncminal in pnature, is the cost of generating the verification
frogram source tape for the vendor to make IPL tapes frcm. This cost
is considered part of the verificaticn ccst. Table 7-2 cocrtains a
stmmary cf recurring costs. i

J.2.1.%t Time Required tc Perform Validaticn

Tte time required to perform validaticn usirg a verification progran
Yased on the modificaticn of the AN/AYK=-152 ATP under a Manual Test
Configuration consists of the summatic¢cn of mount times, memory load
tires and execution times. Assuming £ ©@minutes to mount the tape, 3
rinvtes to load memory and 8 minutes tc process the test gmodules on
each load tape and print cut the results, the maximum time to run the
verification test error free would be calculated as follows:

Verification time = Ny * 5 mpinutes to mcunt each tare +
N, * 3 pinutes tc lcad and go +

N, * 2 minutes to execute the program and
print cut results

vhere:
N = number of tare mounts = 3 wcrst case
N, = number of rrogram lcads = 3
Verification time = 3 * 5 + 3 % 3 + 3 * §

= 48 minutes

7-19
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7.2-1.5 Impact to SEAFAC Resources

Tte implementation of a verification approach tased on the
rodification of the AN/AYR-15A ATP under a Manual Test Configuration
wculd require the use of MIL-~STD=-1750 support software (cross
assembler, linking loader, and simulator) on the develcrment computer
system. SEAFAC fpersonnel vwould develop and maintain tke certification
rrogram as Wwell as prepare the scurce tape to give tc each vendor.
During the verification process, there would be no impact on the
development computer, but SEAFAC perscnnel wculd be reguired to assist
ip tte integration, initiation, and observation of tle verification
rrcgram executing on the unit under test.

Tle ccst data impact to SERFAC (and the previously discussed cost
data) is summarized in Table 7-2.
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Table 7-2. Cost Summary for the AN/AYR-1SA ATP Approach Under A
Manual Test Configuration

Ncn-Recurring Start-Up C

Hardware
- Development Ccop

Software

- MIL-STL-1750 Support Software

osts

uter

(Cross Assemtler, Linking lcader, Simulator)

- Modification of AN/AYR-15A ATP
- Source Tape Generation Program

Other
- Test Plan Docune

Recurring Costs/Computer

Bardware
- Maintenance

Software
- Maintenance

40K * 2 errorss/K * $1,400/30

Personnel

nt

TCTAL

- Coverage to Okserve Execution ard Analyze

Results (2 People for 1 Week)

Otter

- Test Plan to Vendor with Verification Source

TOTAL

ceamaeceed

[} Cost [
e bt |
| Man | i
jYears| K $ |

{
| | |
| | !
| | |
} 0 9 |
| | |
i I |
I 0 | 0 |
| | |
13.1 1217 ]
10.3 | 21 |
i | |
| | |
10.3 I 21 |
|=== i=--- |
37 1259 |
| | |
| | |
| | {
i t i
| [ 0 |
| { |
| | {
10.G521 3.7 |
| | |
| | {
| | [
10.04 | 2.8 |
l | |
| | |
| | |
10.004}] 0.28]
----- ===
10.096| 6.78]

L L LT IR e Y T T T P P T P Y P T N
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7.2.2 AN/AYK-15h ATP ip a Mastery/Slave lest Copnfiguraticp

7.2.2.1 Description

A verification program based on modifying the AN/AYK-1S2 ATP, targeted
fcr a Master/Slave Test Configuration would result inp a verification
frccess closely resembling one tased on the FTP or Diagnostic
aprroach. The AN/AYK-15A test modules would be analyzed for content
with the irrelevant test cases deleted and additional test cases added
tc increase coverage. The supervisor prcgram wculd be modified to
ccrmunicate with the control program on the Master tc facilitate the
lcading of test modules into the unit under test and the passing of
test results back to the Master for recording. The control program cn
the Master would handle all I/0 and would be initially invoked by a
btootstrap program loaded on the unit under test (slave) by the vendor
at the start of the verification fprocess. The apprcximate size of
each of the softuare modules follows:

Supervisor = 8K words
Test Modules = 88K words
Contrcl Progranm = 8K wvords
Bootstrap Progranm | = 1K words

7.2.2.2 Non-kecurring Start-Up Costs

The cost of implementing a verification rrcgram based cn modifying the
AN/BRYRK=-15A ATP under a Master/Slave Test Configuration would consist
cf the following software develcrment ccrpcnents:
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Modification of AN/AYK~15A ATP = 3.1 man years
] (Modify 30% of 30K EAL = 9K)
’ (Write 1K BAL Supervisor
, Program)
{
|
{ Control Program (Master) = 1.1 pan year
i (2K HOL; 500 BAL)
Eootstrap Progran = 0.3 man years
(400 BAL)
Source Tape Generatcr Progran = 0.3 man years
(500 EaAL)
I/0 Test Programs (1K BAL) = 0.5 man years
Test Plan Document = 0.3 man years
TOTAL 5.6 man ye€ars
7.2.2.3 Recurring Costs
Tte recurring costs associated with modifying the AN/BAYK-152 ATP to
run under a Master/Slave Test Confiquration consists of the usage of
the Master computer (zero cost) and the staffing for the integratior,
initiaticn and observation of the verification process, plus the

analysis of the results. The second majcr ccst is the cost to sustain
all software. Table 7-3 contains a summary of recurring costs.

7.2.2.4 Time Required to Perform Validation

Tte time required to perform the complete verificatican process is
calculated as fcllows:

+

Verification time = Bootstrap load and Go (£ minutes)

Master Computer Ccntrcl Prcgram +
Initialization (5 minutes)

Verificaticn Program Execution
Time (1 minute) +

I/0 Transfer Time (3 seconds)

= 11" minutes.
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Table 7-3. Cost Summary for the AN/AYK-15A ATP Aprroach Opnder A
Master/Slave Test Ccnfiguration

G - —— - T D - - e A G e A - - - g
| | Cost |
! I | ¥an |
] ! Itenm |Years| K $
22 2 3 X35 1+ 1t Tt 1t 1+ 3 ¥+ 2 2 4+ I+ 2 -+ F 2+ E 2 I X 22 3 F L R I S I 3 FF F T F I+ £33 2 7

Ncn-Recurring Start-Op Costs

|

|

| |
1 | | |
( | | i
| Rardwsare l l l
| - Develorment/Master Computer | 0 | oO |
| - MIL=-SID~1553 and RS=-232 1/0 Interfaces I 0 1 © |
l | | I
i Software { | {
] - MIL-SID-1750 Support Software (Cross Assembler, | 0 | O |
| Linkirg Loader, Simulator) | | ]
{ - Bootstrap Load Progranm 10.3 | 21 ]
| ~ Source Tape Generation Progranm 0.3 | 21 |
I = Control Program on Master 111 | 77 |
‘ ] - Modification of AN/AYEK=-15R 13.1 217 |
: | | l
% I Other 10.5 | 35 |
| - Test Plan Document [0.3 | 21 |
] === |==- |
| TOTAL 15.6 392 {
| ' | | |
| Recurring Costs/Computer { { {
] | | |
| Hardware | | |
| - Maintenance | i O )
| l | |
| Softuare | | |
| - Maintenance 10.059] 4.14)
| 44.4K * 2 errors/k * $1,400/30 i i |
| { l |
| Persconel | | i
] = Coverage to Initialize, Cbserve and Analyze 10.04 | 2.8 |
| Results (2 Peorle for 1 Reek) i ) )
| - Technician to Supervise Integraticr of 1,0 10.004) 0.28}
| Interface | | |
] | | |
| Otter 1 } |
| - Test Plan to Vendor with Verificatior Source 10.004) 0.28}
| === I ===
[ TOTAL 101071 7.5 |
e e e e e — e - - - . - —————— ——————————————————— +
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7.2.2.% Impact to SEAFAC Rescurces

The implementation of a verificaticn program by modifying the existing
‘ AN/AYK=-1SA ATP to run under a Master/Slave Test Configquration would
i utilize the support software (MIL-STD-17%0 cross assesklers, linking
; lcader, and simulator) as well as normal system utilities on the
| Master computer during system development. During the verification
' prccess, the Master computer would play a passive role serving as an
1/0 contrcller for the verification program. SEAFAC rferscnnel would
te reaquired to develop and sustain the verificaticn tfrcgraam, as well '
as the bootstrap and control prcgranms. During testing, SEAFAC
rersonnel pust also supervise the integration and initializatior of
tte verification process.

The cost data impact tc¢ SEAFAC (and tte crpreviously discussed cost
cata) is summarized in Takle 7-2.

7.2.3 Random Instruction i

a Manual Test Ccnfigquraticr

7.2.3.1 Description

A verification program developed wusing a Fandcm Instructicn design
pbilcsophy targeted for a Manual Test Ccnfiquration wculd result in a
verification process with certain severe limitations given the current
memory constraints of the computer. The Random tests approach in a
standalone mode consist ¢f a randcm instruction sequence generator, a
stpervisor program and a high fidelity/quality "golden" simulator.
Tte random instruction sequence generator generates a sequence of
instructions that are executed by the hardware and simulated by the
sirulator The supervisor program then <ccmpares the generated and
csimulated results and prints out the results.

Tte approximate size of each softvware component is:

Ccntrol Progranm = 4K words

Random Instruction Generator 24K words

"Golden" Simulator 300K words
} Given the 32K memory size specificaticn for all units under test, a
dypnamic random instruction verificaticr frcgram wunder a Manual Test
Ccnfiguration would not be possible to isrlement. An alternative is a
static approach. Randcm sequence of instructions are generated
offline and saved. These instructicn sequences are then simulated and
( tteir results saved. Load tapes consisting of a supervisor progran,
‘ sets of random instruction sequences and test results are generated.

' 7-2¢
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Tte load tapes are executed on the unit under test. The supervisor
Frogram sequentially executes the rapdcm instructicn test sets,
ccrparing generated values to expected values and printing the
results. The number <c¢f randcme instructicn seguences executed is
lirited by the time allccated for the validation process, and the tipme
it takes to load and execute the test cases.

If the supervisor program takes 8K words, that leaves 24K vwords for
test cases, expected results, and generated results. Fach test set is
(cn thke average) 40 words long, the exrected results fcr each test set
is 60 words; each test set effectively contains 10 executable test
cases. Ip the 24K of data space, 240 test sets could be allocated.
Tterefore to facilitate the execution cf 125,000 test sets with a
tctal of 1,250,000 test cases being executed, 521 separate npemory
lcads would have to be made. Furtheirmcre, the Air Force would have to
supply the vendor with 12.75 megawords sorth of data to generate the
lcad taves. ((521 loads * 24K words) + E€K.)

It has previously been stated that when the Randor Instructico method
tas teen applied to verify the architecture of a corputer which is
caratle of execiting four million instructicns per second, tkat most,
if not all, of the architectural discrepancies are discovered after
cne hour of processing. In crder +to ottain the necessary coverage,
confidence, and completeness, this interrrets to tle execution of
125,000 sets of randcm instruction sequences with each having an
average length of 10 executed instructions (although the sequences are
27 1instructions in length, the fercentage distribution o¢f branch
irstructions randomly appearing brings the average number of
irstructions executed rer test set sequernce tc 10). Therefore,
1,250,000 random instructions are tested per hour (on the four milliocn
irstructions per second computer), with each instruction in itself
teing a test case. The term "test case", therefore, when wused in
ccnjunction with the random instructicn approach, refers to a single
irstruction which is generated, and verified.

NOTE: The execution of 1,250,000 randomly generated
instruction test cases has lteen judged a priori to be
comparable frecm a gquality viewpcint to the 5,000
manually generated test cases used in other approaches.

7.2.3.2 Non-kecurring Start-Up Costs

The cost for implementing a verificatior frogram ktased on the Rapdom
Instruction approach under a manual test configuratior would coansist
of the fcllowing software development costes:
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[}
w
.
o

Random Instruction Generator
(€K HOL; 1K BAL)

man years

Simulator = 6.0 man years
(12K HOL; 2K BAL)

Supervisor Progran
(4K BAL)

1.8 man years

Tape Generator Progranm = 0.3 man years
(500 EAL)

Test Plan Document 0.3 man years

TCTAL 11.4 man years

7.2.3.3 Recurring Costs

Tte recurring costs associated with the Random Instruction approach
irrlemented under a Manual Test Configuration consists of three
sigqnificant components. Pirst, the cost cf generating 1,250,000 test
cases and results on the develorment system and creating the test case
scurce tapes for the vendor, pricr to in-house testing. Second is the
fersonnel requirements necessary to observe the manual test procedure
taking place. The time reguired fcr generating the 1,250,000 test
cases and results based on 15,000 instructions being executed to
cenerate the data necessary for each test case on a computer (capable
of executing one million instructions rer second) is:

1 sec
1€,000 * 1,250,000 instructions e ~------=- jipnstructicns = 18,750 sec
1,0€0,000

Tterefore it would take S hours, 12 ainutes of CPU time to generate
tte data to be put on a single tare trlus the I/C tramsfer time for
12.7%5 megawords. The cost of sustaining the certification prograa is
the third component of recurring ccsts.

7.2.3.4 Tipe Required to Perform Validaticn

Using the formula developed previously, the verificaticn time to load,
ezecute and print out the results of 1,250,000 randcmly generated test
cases would be as follows:
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Verification time = N; * 5 minutes to mount each tape ¢
N, * 3 minutes to lcad and go +

N, * 2 minutes to e€xecute the rrogram and
print out results

where:
N, = number of tape mounts = 521 vorst case
N, = number of program lcads = 521
Verification time = 521 * 5 4 521 * 3 4+ 521 % 2
= €210 min = 86.8 hours = 11 days (8 hoursy/day)

7.2.3.5 1Impact to SEAFAC Resources

Using a Manual Test Configuration under which to implement a Random
Instruction test approach flaces a significant burden on SEAFAC
perscnnel to be ‘present during the 11 days of testing. Cther
reguirements would be the normal support scftware (cross assembler,
linking loader and simulaticn); rlus the develorment cf the randon
instruction generation program. As previously nrmentioned, the
ceneraticp of the randcm instructions, though ccmpletely automated
requires a significant amount of CFU time on the develcpment computer.

Tke cost data impact tc SEAFAC (and the rpreviously discussed cost
¢ata) is summarized in Table 7-4.

i)
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) Table 7-4. Cost Summary for the Randcm Instruction Apgroach Under A
! Manual Test Ccnfiguration

LT L L T T L Py T r Ty Yy - - e .- D D AP G R AD P D P P W 4T D GRD AP D W D DR AP D D e = - - +
| | Cost |
l === Rtatuindad
| | Ban | |
( Item |Years | K & |
| =s==========s====ss==ssSs=S======= S=S= SRS === == ==== ===
| Non-Recurring Start-0p Costs | { l
| | { i
| Rardware | | |
] - Development Ccamputer | 0o | o |
f 1 | i
| Software | i |
l - MIL-STD-1750 Support Software (Cross Assembler,| 0 | ©0 |
| Linking Loader, Simulator) : | | 1
| - "Golden'" Simulator | 6.0 1420 l
| - Bandom Instruction Generation Frogram | 3.0 {210 |
| - Source Tape Generatcr Prcgram } 0.3 (121 |
| - Supervisor Progranm }] 1.8 1126 |
| | | |
| Otter | | |
| ~ Test Plan Document { 0.3 | 21 |
| |==== === |
| TOTAL j11.4 |79 |
| l l |
{ Recurring Costs/Computer | | |
{ i | |
| Hardwvare | l |
| - Maintenance l 0o | O |
1 | | |
! Software | | |
| - Maintepnance | 0.034| 2.38]
| 25.5K * 2 errors/kK * $1,400/20 | | ]
| l I I
| Personnel | | I
{ - Coverage to Observe Execution and Analyze | 0.04 | 2.8 }
| Results (1 Person for 2 Weeks) | | ]
{ | | |
| Other | | i
{ - Test Plan to Vendor with Verification Source | 0.004) 0.28) -
1 | === I ===-]
! TOTAL | 0.078] 5.u46) {
P O P RO D BN G TP D D D D D I - T D D D S =P > D W WD > D D - = +
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7.2.4 Random Instruction in a Master/Slave Test Configuration

7.2.4.1 Description

The Random Instruction design argroach is ideally suited to the
Master/Slave Test Configuration for implementing tle KIL=-STD-1750
verification program. OUnder <this aprrcach, the random instruction
cenerator and “golden" simulator would reside on the Master computer.
Tte unit wunder test (slave) would contain supervisor programs whose
functions are to request test cases, execute them, and send back the
results to a control program running in the Master computer. The
centrcl program supervises the generaticn, simulation and comparison
functions on the Master computer and 1lcgs the results. The Air Force
wculd send the vendor a copy of thke bootstrap program, and the vendor
wculd bripng it in IPL format along with the I/0 routines at the time
of certification. The size of each program module is described in the
rrevious section.

7.2.4.2 Ncn-Recurring Start-Up Costs

Tte costs of implementing a verificatior rrogram taseé¢ on the Random
Instruction approach under a Master/Slave Test Ccnfiguration would
ccnsist of the fcllowing software development costs:

Random Instruction Generator (Master) = 3.0 man years
(6K HOL; 1K BAL)

"Golden" Simulator (Master) = 6.0 man years
(12K HOL; 1K BAL)

Ccntrcl Program (Master) ) = 1.8 man years
(3K HOL; 1K BAL)

Supervisor Program (Slave) = 1.4 man years
(3K BAL)
Bootstrap Program = 0.2 man years
(400 EAL)
Scurce Tape Generator Prcgran = 0.2 man years
(500 BAL)
1/0 Test Programs (1K BAL) = 0.5 man years
Test Plan Document = 0.3 man years
TCTRL 13.€ man years
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7.2.4.3 Recurring Costs

Tte recurring costs associated with the Random 1Instruction approacth
under the Master/Slave Test Ccnfiguration consist of ccrputer usage on
the Master computer (zero costs) and <staffing for whatever fporticn of
tte test is required, especially the analysis of the results. This
cost is augmented by system inteqraticn ard initiation costs. The
final cost component is the cost of sustaining the software.

7.2.4.4 Time Required tc Perform Validation

Tte time required to perform the ccmrlete verificaticn test consists
of the summation of Bootstrap Load and Go time, Master Computer
Ccntrol Program Initiation time, Test <Case Generation and Executiorn
tire, and I/0 Transfer time. An estimate of these times follows:

Test Case Generation, Simulaticn and Verification
Master
15,000 instructions per test case overhead to generate,
simulate, and verify resuits *
1,250,000 test cases *
1 sec/1,000,000 instructicns (sreed of master)

Total time of Generation/Verificaticn = 18,750 seccnds = 313 nmin
Test Case Execution cn Slave
1,000 instructions per test case overhead *
1,250,000 test cases *
1 sec/500,000 instructions (speed cf slave)
= 2,500 sec = 42 minp
Data Transfer
125,000 test set * 40 words c¢f instructicns per
test set +
125,000 test set * 60 words of results per
test set
= 12.5 megawords / 30K words/sec = 417 seccpds = 7 min
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Verification time = Bootstrap load and Go (5 minutes) +

Master Computer Ccntrcl Prcgranm
Initialization (£ minutes) +

Test Case Generation Time (313 minutes) +
Test Case Executior Time (42 xinutes) +
1/0 Transfer Time (7 minutes)

= 6 hours, 12 minutes.

NOTE: The major comronent in the verificaticn time is the
time to generate, simulate and verify the randon
instructicns. This cosmgpcnent is in turn proportional
to the overhead (15,000 instructiomns) taken to perfornm
this task. This figure assumes a 10,000 to 1
performance ratio on the sirulator, which is a figure
cbaracteristic of simulatcrs developed in a high order
language. The total verification time is a worst case
analysis and makes no assumptions regarding potential
speed up if overlarped prccessing is imrlemented.
Total time is imprcved orly two percent if a parallel
I/0 channel is used instead of MIL-SIC-15f£3 channel,
and would be degrated by 17 percent if a RS-232 channel
is used.

7.2.4.5 Impact to SEAFAC Resources

A verification program bYased on the FRandomr 1Instruction design
pkilosophy targeted for Master/Slave Test Configuraticn would utilize
tte Master computer both during the develcrment phase and during the
verification procedure. SEAFAC personnel would be recuired to write
all software modules for the Master and Slave., This wculd include the
vse of such normal support software availatle on the Master (compiler,
editor, 1linking loader) as well as MII-STID-1750 surport software,
(cross assembler, linking 1loader, and simulator). During the actual
verificaticn process, a certain porticn of the Master computer's
ccmputational power must be dedicated tc the generation, simulation,
verification and documentation cf the test cases.

Tte cost data impact to SEAFAC (and the previously discussed cost
data) is summarized in Table 7-~5.
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Table 7-5. Cost Summary for the Randcm Instruction Approach Under A
! Master/Slave Test Ccnfigquraticn

frevcnmcccwe- . cemm e ————- R B ol L T Y B T +

l | Cost i
| |=====mmmmem—- |
1 | Man | |
| Item {Years | K $ |
l 5t 1 3+ttt X ¢+ 4 3t it i > S '
| Non-Recurring Start-Up Costs { | |
| | | |
i Hardware I | |
| - Development/Master Computer | O | O |
| - MIL-STD-1553 and RS-232 I1/0 Interfaces | O | O |
! | | {
| Software | | i
| - MIL-STD-1750 Support Software (Crcss Assembler,| O | 0 i
{ Linking Loader, Simulatcr) l | |
| - Bootstrap Load Progran | 0.3 | 21 |
] - Source Tape Generation Program | 0.3 | 21 1
| - Control Program on Master | 1.8 126 i
1 - Wgolden" Simulator | 6.0 {420 !
| - Supervisor Program on Slave | 1.4 | 98 |
I - Kandom Ianstruction Generation EFrcgranm | 3.0 210 l
I - I/0 Test Progranms | 0.5 | 35 |
| | I |
| Other l i |
\ - Test Plan Document } 0.3 | 21 |
| |==== |==-- |
| TOTAL 113.6 952 |
| I | |
| Recurring Costs/Computer | | I
| l | |
| Rardware | ] ]
| - Maintenance { O | © i
1 | | |
| Softuare i | |
| - Maintenance | 0.039) 2.7 |
| 28.9K * 2 errors/K * $1,400/30 | | i
1 | ] ]
| Perscnnel | { |
| - Coverage to Initialize, Chserve and Analyze | 0.04 | 2.8 |
| Results (2 People for 1 Week) | | |
! - Technician to Supervise Integration of 1,0 { 0.004) 0.28}
| Interface | | i
| ] | |
| Other | i |
i - Test Plan to Vendor with Verification Source ] 0.004) 0.28}
1 | =====] ==-=
{ TCTAL | 0.087} 6.06}
i +-----‘--------------------------------¢--------‘---------- ----- - D - - +
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7.2.5 AVP In A Manual Test Confiquration

7.2.%.1 Description

d verification program developed using ar AVP design rhilosophy
targeted for a Manual Test Corfiguraticn would force mcdularization in
the following manner. The verification rrcgram will ccnsist of an 8K
supervisor program and a 24K data tuffer. The supervisor program's
tcle is to process test cases resident in the data buffer, calling the
vendor's print routine to output results as they are generated. Test
cases will be made up of four types of statements (80 character
records) :

a. ID statement - classifying the type cf test.

b. Set up statements - =srecifying the ipitialization
values.
C. Execute statement - specifying the instruction sequence

to be executed.

d. Result statements <~ specifying the expected values to
be compared to the generated results.

Test cases will average about 10 statements in lergth occupying 4090
wcrds of memory. A library system resident on the developmernt systen
would be used to handle the test case data Lase. Trte library systen
allows <dit and file capabilities. The 2UK test case data buffer
wculd then be large enough +tc ccntain an average cf €1 test cases.
Tterefore, there would have to be 82 distinct program loads under the
ranual test coanfiguraticn to rrocess the 5000 expected test cases
cenerated. The test cases wculd occury 2 millicn words of auxiliary
storace. It should be ncted that the large amount of stcrage reqguired

fcr this approach 1is due tc the overkead involved ir having
E0-character control cards of +which cnly ten to twenty percent
ccntains meaningful information. This implies that ceitallL

izplementation strategies could comgress unused blanks, although (for
this analysis) a tradeoff like this will nct be considered.

Tte vendcr would be restonsible fcr tte gereration of the load tapes

necessary to handle 82 loads. The RAir Force would be responsible tcr
cending the 2 megawords of data to the verndor.

7.2.%.2 Ncn-Recurring Start-Up Costs

Tte cost for implementing a verificaticr proaram based cr the AVP test
grrroach would be strictly software development costs. The cost
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‘ kreakdown is as follows:

JTest Case Develgpment
2% test cases per instructicn * 200 instructions = £,000 test cases
2 test cases ter day productivity = 2,500 gdays

220 days/man year = 10 man years

Supervisor Program Develcprent
(3K dachine Language Instructions)

1.3 man years

likrary System on Develcrment Computer = N.C. i

Tape Generation Program on = 0.3 man years
Development Computer
(500 Machine Language Instructicns)

Test Plan Document 0.3 man years

TCTAL 11.9 man years

7.2.5.3 Recurring Costs

Tre recurring costs associated with the AVE approach under the Manual
Test Configuration are proporticnal to the staffing allocated during
tte vendor certification process, and tke time it takes to complete
tke certification. A second cost, though nominal 1ip nature 1is the
ccst of geperating the test case tape for the vendor prior to starting
tte in-house test procedure. The final recurring cost component is
tte cost to sustain the software.

7.2.5.4% 1ime Required to Perform Validation

Tte time required to perform the «entire certification consists of the
sugmaticn of mount times, memory load times, and execution times.
Assuping 5 minutes to wmount the tare, 3 minutes to 1load memory and 2
rinutes to process the 61 tests cases in cach program 1load and print
out the results. The eraximum time to run the certification tests
error free would be calculated as fcllcws:
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Verification time = Ny * 5 minutes to mcunt each tape +

vwhere:

Verification time

7.2.%.5

The implementation of the AVP arrroact under a Manual Test
Configuration would regquire the wuse of a development computer with

litrary

assemkler
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N, * 3 minutes to load and go +

N, * 3 minutes to execute the program and
print cut results

N, = number of tape mounts 82 wcrst case

N> = number of prograrm lcads 82

82 * 5 + 82 * 2 4+ €2 * 3

902 minutes = 15 hours, 2 minutes

Impact to SEAFAC Resources

system, and related MIL-STID-1750 support scftware (cross
and simulator). The developrent computer would also be

necessary to generate the source tapes to give to the vendor. There

wculd be

no impact to the development computer during the in-house

certification process. SEAFAC personnel wculd be required to develop
and maintain the test cases as well as the supervisor frrcgram.

Tte ccst
data) 1is

data impact to SEAFAC (and the previously discussed cost
sumparized in Table 7-6.

ataa
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Takle 7-6. Cost Summary for the AVP Apprcach Under 2 Manual Test

-----l - am

,l Configuraticn

! D T T T T e L T P S P SR TR

i | { Cost |

| | |===mmmmmne=e|

| | | dan | |
| Item jYears | K $§ |
l 4+ + 3+ 5 3 3 3 4 1L 3 2+ 2+ F S+ + L+ S+ 3 T - F 4+ 3+ P2t -t Rttt 2 l
| Non-Recurring Start-0Op Costs | l |
{ | | i
i Hardware | | |
I - Develorment Ccmputer | G | O ]
| | | |
1 Software { { l
! - MIL-STD-1750 Support Software (Crcss Assembler,| 0O i O {
1 Linking Loader, Simulator) i i |
i - Test Cases (10.0 700 {
| - Supervisor Program | 1.3 91 |
] - Library System on Develotment Computer | 0 | O (
| - Source Tape Generation Program } 0.3 |} 21
| | I |
| Ctter | ! |
| - Test Plan Docupment | 0.3 | 21 |
| {==== |=--- {
i TOTAL ]11.9 1833 ]
l l I |
| Recurring Costs/Computer { { |
| | { |
| Hardware l | |
| - Maintenance i O i O |
| { | |
{ Softuare | } |
) - Maintenance | 01361 9.5 |
| Supervisor Program: 3K * 2 errors/K * $1,400,30} | |
i Test Cases: 2,000K #*# 0.1 errcrs/K * $1,400,30} | |
] | | |
{ Personnel l I {
] - Coverage to Otserve Executior and Analyze I 0.8 | 2.8 |
| Results | } !
| | | l
| Otter | | {
{ - Test Plan to Vendor with Verificatiomn Source ] 0.004) 0.28}
| |
1 |

0.18 | 12.58]

b 7-37
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7.2.6 AVP in

I

Master/Slave Test Configrration

7.2.6.1 Description

A verification program develored using arn AVP design philosophy
targeted for a Master/Slave Test Configuration would result ip a
ccepletely automated verification agpproach. The verification prograr
would be segmented into an 8K Supervisor Program with a 24K test case
data buffer. A bootstrap program would communicate with a control
Frcgram on the Master ccmputer to first load the Supervisor progranm
into the unit under test (Slave) . The superviscr would then
avtcmatically roll in test cases and output results as the test cases
Wwere executed. Test case size and laycut +would be the same as in the
Manual Test Copfiguration and are descrilted previously.

The litrary system on the Master ccmputer would be used to develop the
; test cases and handle their selection fcr rrocessing by the control
rrogram running during the certificaticm frrocess. The amount of data
tc be transferred between Master aud Slave is as follows:

Test Cases 2,000K words
supervisar 8K
Results 5K

TOTAL 2,013K words

Tte Bir Force would send the vendor a ccry c¢cf the boctstrap progranm,
and +the vepndcr would bring it din TIFL fcrmat at the tirpe of
certification.

7.2.€.2 Non-Recurring Start-Up Costs

The costs for implementing a verificaticn rrogram based on the AVP
test approach and an auvtomatic test configuration would be strictly
scftware development costs. The cost kreakdown parallels the manual
test configuration as fcllows:
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Test Case Developrment

5,000 test cases at 2 tests cases per day 10.0 mazn years

Control Program Development (Master)
(2K HOL Instructions;
500 Machine Language Instructions)

1.3 man years

Bootstrap Program Develorment (Slave) = 0.3 man years
(400 Machine Language Instructicnes)

Surervisor Program Tfevelorment (Slave) = 1.1 zan years
(3K Machine Language Instructicne)

Liktrary System on Master Computer = N.C.

Source Tape Generation Progranm = C.3 man years
(500 Machine Langunage Instructicns)

I/C Test Programs (1K BAL) = C.5 man years

Test Plan Document 0.3 man years

TCTAL 13.8 man years

7.2.€.3 Becurring Costs

The recurring costs associated with the AVP apprcach under the
Master/Slave Test Configuration are associated with system iutegration
and initialization. These costs should not be greater than 1 man day
tctal. The other major costs would be attributed to staffing during
tte vendor certificaticn process and the <cost of sustaining the
verification software. A minimal cost due to generating the source
tape for delivery to each vendor is also incurred.

7.2.6.4 Time Required tc Perform Validaticn

Tte time required to pereform the ccmrlete verificaticn test consists
of thle summation of Bootstrap Load and GO time, Master Computer
Ccntrol Program Initiation time, Test Case Executior time amd 1I/0
Transfer time. An estimate of these times are as fcllcus:
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Test Case Execution Time

! 5,000 test cases * 10,000
‘ ipstructicns/test case

overhead = 5,000,000 inst.uctions *
5,000,000 ipstructions/500,000
instructions/sec = 10 seconds

I/0 Transfer Time |
2013K words / 30K words/sec (over PFI1-STI-15%53) = €7 seconds
Verification Time = Bootstrap lLoad and Go (5 minutes) +

Master Computer Ccntrol Progras Initialization
(5 rinutes) +

Test Case Execution Time (10 seconds) +
Print Results (90 seconds) + |
I/0 Transfer Time (67 seconds) |

= 12 minuvtes, 47 seccnds.

7.2.6.% 1Impact to SEAFAC Resources

Tte imrlementation of the AVP approach vunder a Masters/Slave Test
Ccnfiquration would rely heavily on the Master computer during the
development phase of- the verification program, and during the actual
running cf the certification process. The Master computer would need
to support a library system as well as the usual selection of support
scftvare ¢assembler, linking loader and sirulator). SEAFAC personnel
wculd be reguired to develop and modify the test cases, bootstrap
surerviscr and control prograums. '

The cost data impact tc SEAFAC (and the rfreviously discussed cost
data) is summarized in Table 7-7.

o mdem
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Taktle 7-7. Cost Summary for the AVP Arrrcech Under 2 Master/Slave
Test Configuraticrn

Hardware
- Dewelopment/Master Ccumputer
- MIL-STD-1553 and RS-=232 1/C Interfaces

Softuare
- MIL-STD-1750 Support Software (Cross Assenmbler,
Linking Loader, Simulatcr)
- Bcotstrap Load Program
- Source Tape Generation Progran
- Ccntrol Program on Master
- Test Cases
- Supervisor Prcgram
- Library System on Master/Ceveloprent Computer
- I/0 Test Program

Otter
- Test Plan Document

TOTAL
Recurring Costs/Computer

Hardware
- Maintenance

Software
- Maintenauce
Control Program: 7.4K * 2 errcrs/K * $1,400/20
Test Cases: 2,000K * 0.1 errors/K * $1,400/3¢0

Perscnnel
- Coverage to Initialize, Ctserve ard Analyze
Results (2 Peotle for 1 Week)
- Technician to Supervise Integration of I,/0
Interface

Otter
- Test Plan to Vendor with Verification Source

7-41

0.004)] 0.28]

--—--I ----I

| Cost |
ekt bbbl |
| Man | |
|Years | K $ |
i { |
| | |
| { |
| O | 0 !
1 0 | 0 |
| l |
| | }
I 0 I 0 |
| | |
} 0.3 | 21 !
{ 0.3 |} 21 |
| 1.3 | 91 |
110.0 700 ]
b 1.1 |} 77 |
I 0 | 0 {
} 0.5 | 35 |
| { |
| | {
| 0.3 | 21 I
|==== == |
}113.8 966 {
| i |
| | |
| | |
| | |
(Y I 0 |
| | {
| | |
] 0.143} 10.02}
| | |
| | |
| | |
| | !
] 0.04 | 2.8 |
| i |
| 0.004} 0.28]
| | |
l { |
| | l
|

|

|

0.1911 14.38}

e e e
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7.2.7 Diagmostic Modificatiop in a Manua) Test Copnfiqrpatior

—— - e—

7.2.7.1 Description

A verification program based on wmodifyirg a diagnostic program
rrcgrams for the MIL-STD-1750 to run under a Manual Test Cosnfiguration
clcsely resembles the end results from rodifying an existing FTP into
a certification program as is described subsequently. 1The development
process Wwould require the analysis of an existing diagnostic progranm
cr programs, to determine the amount of coverage each instruction is
given. ' The next step would be tc rercve inplementation dependent
code, add supplemental test cases, and mcdify the control structure of
the diagnostic program to facilitate dynamic display of results on the
printer.

Tte verification approach would be rncdularized acccrding to the
initial modularization of the diagnostic progranm selected for
modification. A completely nmew modularizaticn scheme cculd be imposed
criented to a supervisor module and several test modules, each
ccntainiong test cases verifving a certain type of instruction or
architectural feature cf the machine. The estimated size of the
verificaticn program is 96K words, thus requiring +three distinct
Frcgram loads. The Air Porce would be responsible for making the
sovrce available to the vendor for his in-house geperation of IPL
tares.

A risk factor, associated witk ¢the modification of differeat verndor's
diaancstic prograas, concerns the rctential inccmpatibility of
asseptler language grammar formats, therely requiring a translation
rrccess to occur.

7.2.7.2 Non-Eecurring Start-Up Costs

Tte cost of implementing a certification r[prograr tased on the
rcdification of existing diagnostic rrcgram cr programs under a Manual
Test Configuration would consist of the follcwing software development
ccrrteonents:

Liagnostic Modification = 7.0 man years
(Modify 18K BAL; Write S.5K BRAlL)

Tape Generator Program = 0.3 man years

Test Plan Document = 0.3 man years

7.6 man years
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7.2.7.3 Recurrang Costs

Tte recurring costs associated with the diagnostic mcdification under
a Manual Test Configuraticu are groporticnal to the staffing allocated
during the vendor verificatiom prccess, and the actual tize 1t takes
tc cosplete the verification. A seccnd cost, though ncminal in nature
is the <cost of generating the verificaticn [frogram scurce tape for
each vendor. The third component is the cost of sustaining the
verification sortware rprograms.

7.2.7.4 Time Required tc Perform Validaticr

Tte time required to perform the entire verification car be calculated
vsing the formula develofped previously.

Verification time

"
=
-

* 5 minutes tc mount each tape +
N, * 3 pinutes to load and go +

N, * 8 =minutes tc execute the program and
print out the results

vhere:
N, = number of tape mounts = 3 worst case
N, = number of program lcads = 3
Theleiile tie Vesaddcalicvu Lime = 2 = ¢ ¢ - % 2 ¢ 2 & €

48 ginutes

7.2.7.5 Impact to SEAFAC Rescurces

Tte irplementation of a verificaticn program based on the modification
cf an existing diagnostic program ¢r prcgrams to run under a Manual
Test Configuration would require the use of MIL-STI-1750 support
scftware (cross assembler, 1linking 1lcader, and simulator) on the
develcpment computer systen. SEAFAC fperscnnel would develop and
paintain the certificaticn program as well as prepare the source tage
tc give to each vendor. During the verificaticn process, there would
te nc impact on the development computer, tut SEAFAC personnel would
te required to assist in the integratior, initiaticn, and observation
¢f the verification program executing cn the unit under test.

The cost data impact tc SEAFAC (and the previously discussed cost
data) is summarized in Table 7-8.
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Table 7-8. Cost Summary for the Ciagnostic Approach Under A Manual
Test Configuration"

e > = - - - - - - - - - - - - - =~ - - - - - - ———

| | Cost |

Non-Recurring Start-Up Costs

Rardvare
- Development Computer

| i

| |

| |

| {

| |

Software | |
- MIL-S51ID-1750 Support Software (Cross Assembler,| O ] ©

Linking Loader, Simulatcr) | |

i {

} }

| §

| I

|

|

|

|

|

!

|

(

|

] - Diagnostic Program Modification 7.0 4390 |
! - Source Tape Generation Progran 0.3 1 I
|

| Otter !
| - Test Plam Document }0.3 21 .
i j===- -
| TOTAL 17.€ 1532 ;
| | | !
| Pecurring Costs/Computer ] | !
{ | [ .
| Hardware | | |
| - Maintenance { © I 0 |
) | [ i
| Scftware ) i i
| - Maintenance 10.053 | 3.7 |
| 40K x 2 errors/XK * $1,u40C/30 i | |
i i | i
i Personnel I | |
| - Coverage to Observe Fxecution and Rnalyze 10.04 | 2.8 |
{ kesults (2 Peorle for 1 Week) { i {
] | | |
| Otter | | |
| - Test Plan to Vendor with Verification Source 10.004 ) 0.28}
{ | ====- | ====
! TOTAL 10.097  o6.768¢{
LI LY P L R ittt it e e Rt +

- -  e——— D e o
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7.2.8 Diagnostic Modification in a Master/Slave Test Configuration

' 7.2.€8.1 CLCescription

A verification program ltased cn rodifyirg a diagnostic prograa or
rrcgrams for the MIL-STD=-1750 under a Masters/Slave Test Configuration !

weuld cloeseily parallel a verificaticn progranm tasea on tne
~cdificaticn of an existing FTP to run under a Yasters/Sliave Test
(a1 flgurntics o ic cuhreouner+tly Aecrtited, (he Adevelerment orocess

wculd require toe analysis of the diagncstic fprcgrags €2 that tre
proper test cases could be added (to increase the ccverage of the
test) and deleted (to eliminate implemertation derendencies inherent
tc all diagnostic programs). The «contrcl structure of the diagnostic
Frcgram would also nave to be modified tc facilitate coamunication
with the Master coaputer.

"te approximate size of the verificaticn program would be 96K, divided
into @ =upervisor program and test modules as descriled previously.
Tte supervisor program wculd ccmmunicate with a centrcl rrogram or the
“aster ccmputer, reguesting test modules tu te transferred and sendirg
tac% test resuits. The ccntrcl program cn the Master computer would
1cxte output messages from the unit under *est to a hardcopy device,
and load test modules frcm auxiliary stcrage to send tc the unit urnder
test upen request. A bcotstrap 1lcad program would also have to te
develcpe ' witn the source being made available to the vendor prior to
ir-house tesring.

i 7.2.8.2 Nom-f:ilu. T.na F¥irt.0p Costs

3

} Tte cost of 1aplescniing a verificaticr arrroachk tased oo the
rcdification of existing MTL-STD-17%0 diagnostic prcgraas under a
Master/Slave Test Configuration would ccnsist of the followir:

scftware develovment components:

#1710y FYNAL EETCOLT Fetruaty o+, 190
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Piagnostic Modification = 7.0 man years
(Modify 18K BAL; Write S.5K EAL)

Ccntrol Progran (Master) = 1.1 man year
(2K HOL; 50Q BAL)

Bootstrap Program = 0.3 man years
(800 bAL)
fource Tape Generator Program = 0.3 man years
(500 EBEAL)
1/0 Test Program (1K BAL) = 0.5 many years
Test Plan Document = 0.3 man years
TOTAL 9.5 man years

7.2.8.3 Recurring Costs

Tte recurring costs associated with modifyirg a diagncstic program to
1tr under a Master/Slave Test Configuration consist of computer usage
cn the Master computer (zerc cost) .amd staffing for the integration,
iritiation, observation of the verificaticn program and analysis of
trte resuits. A second conronent is <the cost of <sustaipning the
verificaticn progranm.

7.2.F.4 1Time Rkequired tc Perform Validatior

Tte time required to perforz the ccorlete verificaticn process is
calculated by finding the summation cf the Bootstrap Load and Go time,
Yaster Computer Control Program Initiaticn time, Test Case Execution
time and 1,0 transfer time. An estipate of these times follows:
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Verification Program Execution

Plus Logging Results = 30 sec
I/0 Transrier Tiame

S6K words / 30K word/sec

(over MIL-STD-15t53) = 3 sec
Verification tiae = Bootstrap Load and Go (S sinutes) +

Haster Computer Ccntrol Erogranm
Initializaticn (S minutes) +

Verificaticn Prcgram Execution
Time (30 minutes) +

I/0 Transfer Tize (3 seccnds)

= 40 minutes, 3 seccnds.

7.2.8.5 1Impact to SEAFAC Resources

Tte implementaticn of a verification program Ly modifying existing
diagnostic programs to run under a Master/Slave Test Configuration
wculd utilize the support software. (crcss assembler, 1linking loader,
and simulator) during ©program develcgment. Turirng the actual
verification process, the Master computer vwculd ke necessary tc handle
the contrcl program function as well as the documentation of the test
results. SEAFAC personnel would be required to develor and modify the
verificaticn program, bootstrap and control rrogranms.

Tte cost data impact toc SEAFAC (and the rpreviously discussed cost
data) is summarized in Table 7-9.
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Table 7-9. Cost Summary for the Ciagpostic Approach Under 2
Master/Slave Test Tcnfiguration

EE LR R L Lt L ettt b R L D XL T Xt LR P LTy -————————— +
| | Cost |
| = |
J i Man |

| Iten i Years] K §

Non-Recurring Start-Up Costs

|
|
]
| i | i
| | i |
[ Hardware i § i .
| - Develorment/Master Computer | 0 | O | .
| - MIL~STD-1553 and BRS-232 I/0 Interfaces [ 0 { 0 | g
| i ] i i
| Software i i | :
| - MIL-STD-1750 Support Software (Crcss Assembler, | O | O | :
] Linking Loader, Simulator) { i { ]
| - Bootstrap Load Progranm 10.3 | 21 | ;
| - Source Tape Generation Program j0.3 | 21 | {
| - Contrcl Prograr on Master i1.1 77 i
| - Diagnostic Modification 17.0 {490 |
] - I/0 Test Progran i0.2 | 35 |
| | | |
| Ctter { | ]
i - Test Plan Document j0.3 | 21 |
| === |=-- |
{ TOTAL 18.5 J6€5 ]
| | | |
| Recurring Costs/Computer i i §
| | | |
| Hardware i | |
] - Maintenance } 0 | O i
' i i |
| Software i | |
] - Maintenance 10.059| 4.4y
| 44.4K * 2 errors/K * $1,460/30 i | |
] | | |
| Personnel i i |
] - Coverage to Initialize, Cltserve and Analyze 10.04 | 2.8 |
] Results (2 Peorle for 1 Week) | | |
] - Technician to Supervise Tntegratior of I/0 10.004 0.281
| Interface | | |
| | i ]
| Otter i | |
| - Test Plan to Vendor with Verification Source j0.004¢f 0.28j
] |===== P ==l
| TOTAL 10.107} 7.5 |
+
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7.2.€ PTP in a Manual Test Configuration

—

7.2.5.1 Description

A verification program based ¢n the PTF design philosorhy targeted for
a Manval Test Configuration could te develcred in twc different ways.
Tte first is to use an existing MIL-STL-17%0 FTP to modéify its control
structure to rfacilitate dynamic distlay c¢f results on thke printer and
tc analyze and augment its test cases to achkieve DE test cases rer
irctruction average. The second ayprroach is to implement an FI? tyge
rrcgram through the entire software develcpment fprccess.

Tkis type of verificaticn program would te divided irntc a supervisor
ncdule and several test modules. Each test module would contain test
cases verifying a certain type of instructicn cr architectural feature
cf the wmachine. The supervisor program is designed anrd coded urder
tte assumption that no instructions work. 1This is implemented through
utilizing a small core set of instructicrns to handle ccntrol and :
elcwly introducing wmore instructicns as ccnfidence 1in their
credibility is established (center cut approach). 7The supervisor
vrcgram invokes each test module and outruts test results.

Tte estimated size of the syupervisor and test modules is 96K, thus
requiring -3 distinct , program loads. The Air Force would be
restonsible for wmaking this source availatle to the vendor £or his
ir-house generation of the IPL tapes.

7.2.€.2 Nomn-Kecurring Start-Up Costs

The cost of ipplementing a certificaticr trrcgram tased cn the FTP test
agrroach would depend on whether or not the program development was
Fased on the modification of an existing F1P. The software cost
treakdovwn is as fallaws:
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FTP Modification : = 2.1 man years
(®wodify 30% of 30K lines of EALI = 9K)
(vrite 1K BAL lines fcr Contrcl Program)

FTP Full LCevelopment = 12.0 man years
(40K BAL instructions)

Tape Generator Program = 0.3 man years
(500 BAL instructions)

o
.

Test BRlan Document = man years

TCTAL man years/

man years

[
[o JEN | w

-
[N
]

7.2.9.3 Recurring Costs

Tte recurring costs associated with the FTF approach under a Manual
Test Configuration are vrropertional tc the staffing allocated during
tte vendor verificaticn process and tte actual time it takes to
comrlete the verification. A second cest, though ncminal in nature,
is that of cenerating the PTF source tape for the vendcr. 1Tlke cost of
sustaining the verificaticn scftware programs is the third component.

7.2.¢.4 1Time Required tc Perform Validaticn

Tte time required to perform the entire verificaticnm consists of the
surmation of mourt times, memory load times and execution times.
2ssuring 5 minutes to mount the tape, 3 minutes tc 1lcad pemory and 8
tirutes to process the test rcdules on each load tape and print out
tte results, the maximum time to run the verification test error free
wculd ke calculated as fcllows:
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Verification time = N, * 5 minutes tc mcunt each tage +
N, * 3 pinutes tc lcad ard gc +
N, * 8 minutes to execute the frrogram and

print cut results

where:

Ny = number of tape mounts 3 wWcrst case

3

N, = number of prograr loads

Verification time 3 %5 ¢+ 3 % 3 + 3 * 8

48 minutes

7.2.%.5 1Impact to SEAFAC Resources

The irrlementation of the FTP approach under Manual Test Configuration
wculd require the use of MIL-STD=-1750 support <software (cross
assembler, linking loader and sigulatcr). The develcpment computer
wculd alsc be necessary to generate the source tape tc give to the
vendor. There would be no impact to the development computer during
the in-house certification process. SEAFAC perscnnel would be
required to develop and maintain the certificaticn pregranm.

Tte ccst data impact +tc SEAFAC (and the rreviously discussed cost
¢ata) is summarized in Table 7-10.
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Rardware
- Maintenance

Software
- Maintenance
4OK * 2 errors/K * $1,400/20

Personnel
= Coverage to Observe Execution and BPnalyze
Fesults (2 People for 1 Week)
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Table 7-10. Cost Summary for the FTPF Arrrcach Under B Manual Test
% Configuration
' g 5 O S S +
! | | Cost |
| |===——————— |
| | Man | I
i ] Iten jYears } K § |
' -+ 2 2 2 >+ - 3 2+ '3 3 3 3 3 2 1 3 X3 S 2 3 F B 3 - R S S+ 2 3 P 2 4 S F I 4 BT X T XTI 5T ¥ ¥4 l
Ron-Recurring Start-Up Costs | |
| i
Hardware ] i
- Development Computer 0 j O |
| i
Software i |
- MIL-STD=-1750 Support Software (Cross Assemller,| O i O |
Linking Loader, Simulator) | |
- FTP Modificaticn 3.1 {(z17 I
- FTP Full Develorment 12.0 } 840 |
- Source Tape Generation Program 0.3 | 21 {
| l
Otter | |
- Test Plan Document 0.3 | 21 i
---- f====
TCTAL BY KCDIFYING FTIP 3.7 259 |
TOTALI EY CEVEICEINGC NER FTP 12.6 {882 |
|
Recurring Costs/Computer |
|
|
|
i
{
{
|
|
|
|
|
|
|

Otler
- Test Plan to Vendor with Verification Source
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7.2.10 PTP in a Master/Slave Test Conficuration

i

7.2.10.1 Description

A certification program developed using a FTP design philosophy
targeted for a Master/Slave Test Configuraticon would result in a
ccrpletely autcmated certificaticn afgprcach. The certification
rrcgram wculd be approximately 96K in size and be divided into a
suvervisor module and several test modules. Each test gcdule contairns
test cases verifying a certain type cf instruction «c¢r architectural
feature. The superviscr program would te designed using the center
out approach as previously descritked. The supervisor program would
communicate with a contrcl program resident on the PMaster computer,
requesting test modules to be transferred, and sending back test
results. Tke control rrrcgram on the Master computer would route
cutout messages from the unit wunder test to a hardccpy device, and
full in test modules frcm auxiliary storage to send tc the unit under
test upren request. The certificaticn Tfrogram could ke developed in
tvo different ways. Tke first is to take an existing ¥TF, and modify
its control structure tc communicate with the contrcl —rrogram on the
Master ccmputer. The second approach would ke to irplement am FTP
tyre certification program through the entire software development
prccess. A Dbootstrap load program would also have to be developed
with the source being made availakle tc the vendor pricr tc in-house
testing.

7.2.10.2 Ncn-Recurring Start-Up Costs

The cost of implementing a certificaticn approach based on the FTP
test approach would depend on whether or nct the procranm deveiopment
was based on the modification of an existing FIP (or whether one is
available to modify). The scftware cost treakdown is as follows:

— R SO B . . "L
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FTP Modification = Z.1 man years
(Modify 30% of 30K lines of EAL = 9K)
(Write 1K BAL lines for Contrcl Frogram)

FTP Full Development = 12.0 man ysears
(40K BAL instructions)

Contreol Program Development (Faster) = 1.1 man years
(2K HOL; 500 BALL instructions)

Bootstrap Program Development (Slave) = C.2 man years
(400 BAL instructions)

Source Tape Generatcr Progran = 0.3 man years
{500 BAL instructions)

I/C Test Programs (1K BAI instructicns) = 0.5 man years
Test Plan Document = 0.3 man years
TOTAL £.6 man years/

14.5 pan years

7.2.10.3 Recurring Costs

The recurring custs associated with ar PFTP aprrcach wunder the
raster/Slave Test Comfiquration are associated with system integration
and initiation. These costs should not bYe greater than 1 man day
total. The other costs would be attrituted +to staffing during the
vendor certification process, and the cost for sustaining the
verification scftwvare prcgrams.

7.2.10.4 Time Required tc Perform Validation

Tte tire required to perfcrm the corplete verification tests is
calculated by finding the summatisn cf the Ecotstrar Lcad and Go time,
Master Ccmputer Prcgram Initiation time, Test Case Execution time and
1/0 Transfer time. An estimate of these times are as fcllows:

7=-%4
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Test Case Execution Time
5,000 test cases * S50
instructions/test case
250,000 instructions , 500,CCO
instructions/second

250,000 instructions

0.5 seconds

I/0 Transfer Time
96K words / 30K wcrds/second
(via MIL-STD-15%53) = 3.0 seconds

Verification time Bootstrap Icad and Gec (S5 minutes) +

Master Computer Ccntrol Frogram Initialization
(5 minutes) +

Validation Execution Time (0.5 seconds) +
I/0 Transfer Time (3.0 seconds)

= 10 minutes, 3.5 cseccnds.

7.2.10.5 1Impact to SEAFAC Resources

Tte implementation of the FTP approack under a Master/Slave Test
Cenfiguration wculd utilize the suppcrt software resident on the
Master computer during program develcprent, and during the actual
verificaticn process the Master computer wculd te necessary to handle
tte contrel program function as well as dccumentaticn cf test results.
SEAPAC personnel would be required to develop and modify the
verification program, boctstrap and control grogranm.

Tte cost data impact to SE*%AC (and thke opreviously discussed cost
cata) is summarized in Table 7=-11.

el
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Table 7-11. Cost Summary for the FTP Arrrcach Under A Master/Slave

Test Configuration

Non-Recurring Start-Up Costs
Hardware
- Development/Master Computer
- MIL-SID=-1553 and RS-232 1/C Interfaces

Software

- MIL-S1ID-1750 Support Software (Cross Assembler,

Linking Loader, Simulatcr)
- Bootstrap load Progranm
- Source Tape Generation Prcgrarm
- Control Program on Master
- FIP Modificaticn
- FTP Full Development
- 1/0 Test Programs

Otter
- Test Plan Document

TCTAL BY MCLIFYINC FTF
TOTAL BY DEVEICEING NEW FTP

Recurring Costs/Computer

Hardware
- Maintenance

Softwuare
- Maintenance
44 . 4K * 2 errors/K * %$1,400/320

Perscnnel )
- Coverage to Initialize, Ctserve aré R2paliv.s
Results (2 Peorle for 1 Week)
- Technician to Supervise Irtegraticr of 1,0
Interface

Other

- Test Plan to Vendor with Verification Sourrn«

Cost |

—— . e -, T g G . T G G- G— —

Hame A e e TR e M S g - S S g S G S e R

Man | |
Years | K & |

| |

| |

| |

0 | 0 |
0 i 0 |
| {

| |

0 | 0 |
| i

0.3 | 21 l
0.3 | 21 |
1.1 | 77 |
3.1 j217 |
12.0 840 |
0.5 | 35 I
| |

| |

0.3 { 21 |
""" |==== |
5.6 | 392 |
w.5 1018 |
| |

| |

| |

| |

0 \ 0 |
| i

| |
0.059] 4.4y
| |

§ |

i |

Jdoud | 2.8 |
{ |
3.004|  0.23]
I |

I l

| |
0.004] 0.28])
----- i =—===-]
0.107] 7.5 |
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7.2.11

7.2.11.1 Description

Tte Lockstep approach 1is not suitable
Manual Test Configuration.
Lccksterp philosoghy could be

rodifications were made to the

Fetruary 29, 1980

lockstep ih a Marual Test Configuration

ioplenertaticn under a

A verificaticn rrcgram develcped using the
imrlemerted if
initial argrrocach.

certain najor
T4Cc agproaches wilil

te described ir this section; a semi-lcckstep aprroach where tne trace
interrurt is present (henceforth referred tc as the SL1 apfgrcach), arnd

a sewi-lockstefp approach where the
(henceforth referred tc¢ as the SLNT
execute sequences of instructions

trace interrupt
artroach). Ecth
referred to

is not present
afpLoaches

as test Luckets with

trace information being stored sequential in a data buffer area.

The trace interrupt collects the fcllowirg information:

16 General Purpose Registers
Instructicn Counter
Status Word
Fault Register
Interrupt Mask
TCTAL
Under ¢the SLT approach, tlke trace

ccllected and saved by the hardware.
trace information is generated through

routine. When a sequence of instructions has
cenerated trace inforemation is ccmpared against
icrformation.

- Supervisor

- Test buckets
5,000 tests cases * 10 wvwords/test

-~ Predeternined Trace Results

50,000 cases * 20 words trace information

- Trace Buffer Area

Tte SLNT
mcdule.

has tae

7-27
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information is
Ornder
a software

additional requirement of
The supervisor gfrogram executes thre test Lucket, compares the

WOELS

16
1
1
1

1

20 words

autcmatically
the SLNT agpproach, the
irrlemented trace
finished execution tkhe
predetermined trace

Each apporoach ccntains the fcllowing modules:

= ER words

SCK words

1,000K words

= 1K words

having a software trace

Fekruary
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cenerated trace information tc the expected trace irfcrmation, ard
Frints out the results.
The size o1 the trace tuffer area directly affects the size of the
test truckets, and, the number of test tuckets that can te contaired 1in
cre rrogram ioad. The fcllcwing equaticn exrresses this relationskirp:
Memory size = Sufpervisor size + Trace Buffer size +
Test Bucket area ¢+ Predeterrined Trace Information
wtere:
Test Bucket area = Number of Test Buckets * Test PBucket Size ?
Frredetermined Trace Information = Nurter of Test Puckets
* Test Bucket Size * 20
Trace BRuffer Size

Test Bucket Size = ==wmccmcsccccccccocc-- —_—
20 words per instructicon

Fcr a 32K nmachine, we are proposing an BK supervisor and a 1K trace

tvffer.
Tet NTBE = Number of Test Euckets
TBS = Test Bucket Size
Tterefore:
1024 words
TES = eemececcccccccccccen—-" -

20 words per imnstructicn

51 instructions per bucket
And substituting back into the top equation

32K 8K + 1K + NTB * 51 + KTB * &1 * 20

23K

NTD * 51 (1 + 20)

Sclving for NTE:

NTE = ==e==- = 22 test cases
50(21)

It should be mentioned that certain architectural features require a
cet sequence of instructions to Le executed in order to verify the
rroper execution. Therefore, the size cf the test buckets must allow
for this factor. Analysis €from data gathered on various test
arrroaches suggest that minimal test tucket size =shculd be no less
ttan 30 wcrds.
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"t onrter or  sSeparate rrogram leads recegrary to 12T Lele LT Uhe o
IfrroAactes 1s calcdiated to te (S)F  worls I otest secterces/s (oo teltl
teckets » 1 wordsystest  bucket)) = af, Tle Al Folce wouwo. v
resgonsitle tor sending 1.1 megawords c: lata to tte venaol ol tie
cereraticn or the 4o IFL tapes. Note, tlte S1T and CSLNI &pjio0aches
clcsely resemble the AVP acrrroack.
7.72.11.7 Nco-hecurring3 Start-c Ccste,
Tte cnst or inplementing 2 certificaticr frradras tatec oL e Lol L *
SINT arprcacn would consist of the follcwir: zortwale o7 TpoLelto:
Test Case Development
5,000 test cases * 10 words/
test case = &¢,000 wcrds
%0,000 words/ (51 words/test
hucket) = CEC teESt LUCKets
1 test Lucket + resultsy
day productivity = cE( lavs
<50 days/y~ar = 4 Tar years
Suyvervisor Program lDevelcpment = 1.4 mar jear
(UK EAL instructions)
Softvare Trace Module Development = U.d Ean years
(850 BAL instructicns)
Tape Generatcr Program for Socurce = (.3 mar years
(€00 BAL instructions)
Test Program Develorment = 0.3 mar years
SLT TCTAL €.4 gan years
SLNT TOTAL €.8 mar years
4
7-<9
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7.2.1%. hecurring Costs

"Ye recurring costs associated with the €11 and SLNT approaches are
rrcrortirnal to tne staffing allccateéd during verification process,
ar¢ the time 1t takes tc comrlete the verification. A second cost is
attrituted to generating the source load tape for eachk vendor's IPL
tare ceneratiun. Tone third cost ccmrcrent is the cost of sustainirg
tte verification softvare.

7.2.11.4 1ime Beguired to Ferform Validation

Tte time requirea to perforz the entire verificaticr ca:r be calculated
tsinc tte fcliowang formula:

Verificatior tiame N; * time tc mcunt IPl tape +
N, * tize tc lcad memcry + start rrogram +

N, * time to execute program load

whtere:

N, = number cf tave gcunts

1

N, rurker of prcaram lcads.

(esuming © pinutes to  mcunt & tape, 3 rinutes to locad the memory and
rtart the prograd anc I minutes to rrocess the 22 test ltuckets ir each

X rrccrae loac and print cut trte recsults. The maxirum time to rup the
verificatior occurs wher K; = N, (serarate mount recuirec for each
; flccrae load). The verificaticn time tc ccrorlete an error free

frxecuticn ot the complete program would te:

-y A o
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Verification time = N; * 5 minutes tc mcunt each tare +
N> * 3 minutes tc lcad and go +

N, * 2 minutes to execute the program and
print cut results

where:

N, = number of tape rcunts 46 wcrst case

46

N = number of prograr 1lcads

U6 * 5 + 46 * 2 + U6 * 2

Verification time

[}

460 minutes = 7 hours, 40 minutes

7.2.11.5 Impact to SEAFAC Resources

The implementation of tlke SLT cr SLNT arrrcach would require the use
of a development computer preferably with a 1litrary system to
facilitate the test bucket data base. <Surrort software consisting of
cross assembler, linking loader and simulator must alsc be avaiiatble.
The developrment computer would be used tc generate the scurce tapes to
cive to the vendor. There would te no impact to the development
ccmputer during the in-house verificaticn process. SEAFAC rersonnel
wculd be required to develop and maintain the test buckets as well as
tke supervisor prcgram.

Tte cost data impact to SEAFAC (and the rpreviously discussed cost
cata) is summarized in Table 7-12,

7-61
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Tatle 7-12. Cost Summary fcr the lockster Apprroach Under A Manual

Test Configuraticn

Non-Recurring Start=Up Costs

{ | l |
! | | |
| Bardware i i |
| - Levelopment Ccmputer 10 i 0 i
| i | |
! Software i i |
| - MIL-STD-1750 Surport Software (Crcss Assembler, |0 | O |
| Linking Loader, Simulator) | [ |
| - Test Cases with Results ju.0 280 }
| - Supervisor Program 11.8 |[126 |
| - Software Trace Program j0.& |} 28 |
| - Source Tape Generation Prograr 0.3} z1 |
| | | |
| Other | l |
| - Test Plan Document 10.3 | 21 |
l | === == ]
i TOTAL WITHE EARCWARE TRACE |6.4 jaus i
] TOTAL WITH SCFTWARE TEACE }6.8 476 |
1 | | |
| Recurring Costs/Computer | | |
| | | ]
| Hardware i i |
| - Maintenance |0 | 0 |
[ ] l i
| Softuware i ] |
i - Maintenance 10146 10.224
| Supervisor: U4.5K * 2 errcrs/K * $1,400/30C | | |
| Test Cases: 1,050K * 0.2 errors/K * $1,400/30 | l i
! S | { {
| Perscrnpel | | |
1 - Coverage to Observe Execution and Analyze jc.o8 | 2.8 |
| Eesults (2 People for 1 Week) | { |
| | l |
| Ot her | i i
i - Test Plarn to Vendor with Certification Source 10.004; 0.29]
! |====- | === |
} TOTAL 10.19 | 13.3 |
P LR L L T L litttedel L L bl L DL L —————

Y ——— - —  —— e — W D A e WD - - ———— - —— D - — — - — - — -

T T e e e N S Y T L P T R R S Sy e Ty
Bt Tt A 3t s 2 R R B AT 2 I 2 P 2 4

| Man |
jYears| K § |

e
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7.2.12 Lockstep in a Mastery/Slave Conficuration

7.2.12.1 Description

P verification program develored using a lcckstepr desic¢n philosophy is
ideally suited for a Master/Slave Test Configurationmn. This approach
can te separated into four different imrplementaticrs. First, the
master ccmputer can be a '"golden" MILI-STT-1750 ccmouter. Second, a
MI1-STD-1750 simulator running on the develorment wmachine can Le a
"golden" computer. Third, the MIL-STD-17tC ender test may c¢r may not
kave the trace interrupt feature. Tte compensaticn for lack of
tardware trace has been discussed previcusly, and it is assumed tkat a
sirilar software module can bte developed ir this situation. A fourth
rcssible variation on this agproach can cccur 1if we assume that no
sigulator or "golden" computer exists. Instead, predetermined results
are calculated during test case develorment and these results are
ccmpared to the generated trace results. This variaticon closely
resemtles the semi-Lockstep approaches (SLT and SLNT) described
creviously. All approaches executc sequences of instructicros rezerred
tc as test buckets with trace information stored sequentially im a

cata tuffer area. The trace data collected will consist of 20 words
reflecting the state of the computer after the execution of the
cterrent instruction {(see Section 7.2.11.1 for details). When a

sequence of instructions has finished execution, the trace information
generated ty the unit under test (slave) is ccmpared with the trace
information generated by the "golden"™ ccrruter or s£imulator, except in
tte seni-lockstep approaches where the generated trace data is
ccmpared to the expected trace data. The results are then printed
cut.

Tte verification program tased on a Lcckster apgroack under a
Master/Slave Test Configquration would ke divided into the following
mcdule s:

- FEootstrap Load Program = 1K words
- Supervisor = 8K words
- Test Bucket Data Base = 50K words

- Predetermined Results (opticnal) 1,000K words

- Simulator (opticnal) 300K words
- Ccntrol Progranm = 8K words

- TI,/0 Test Programs = 4K words
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The following sequence of events descrites the interaction ard
function of each module. (Note: the semi-lockstey approach 1is
described later.)

1. The bootstrap load program establishes communication with
the control ©program on the Master ccmputer and starts the

transfer of a supervisor progranm. This process takes place
for the unit under test as well as the "golden" computer, if
applicable.

Z. The supervisor program reguests test kuckets for execution
from the Master computer.

3. The unit wunder test executes the test buckets, while tkLe
"golden" computer or the simulator executes the sane
instructions.

4. The results from the unit vunder test and the "golden"
computer or the simulator are sent tack to the Master
computer for ccmparison.

<. The results are recorded.

6. Steps 1 through 5 are repeated until all test Luckets and
results have lbeen transmitted, executed and ccmpared.

Fcr the semi-lockstep approach there is no "golden" computer, or
sipulator and the seguence of events would flow in sirilar order with
the ccoprarison of generated results tc the predetermined expected
results teirng madge by the contrcl rrograc on the Master computer.

The follcwing 1s a breakdown of data transfers taking flace via thre
ccntrcl rrogram:

Supervisor to Unit Under Test = 8K words
Test Cases to Unit Under Test = 50K wcrds
Results from Unit Under Test = 1,000K words
Supervisor to "Golden" Computer = 8K wcrds
Test Cases tu ien" Computer = SO0K woerds
Fesults from '"Golaen" Computer = 1,000K wcrds

TOTAL z, 116K wcrds
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7.2.12.2 Non-Recurring Start-Up Costs

The cost components for implementing a verificaticn afpproach Lkased on
a lockstep test approach under a Master/Slave Test Configuration would
derend uron the final variation of the test approach selected. The
software development cost would be as fcllcws:

Contrcl Program (Master) = 1.8 man years
(3R HCL; 1K BAL)

Ecotstrap Program (Slave) = 0.3 man years
(400 BAL)

Supervisor Progran = 1.8 man year
(3K EAL)

Test Buckets = 3.0 man years

Test Bucket Results (cptional) = 1.0 man year

Software Trace Module (ortional) = 0.4 man years
(850 BAL)

Simulator (optiomnal) = 6.0 man years

(12K HOL; 2K BAL)

Source Tape Generator Program = 0.3 man years
{500 BAL)

I1/0 Test Programs (1K BAL) = 0.5 man years

Test Plan Document = 0.3 man years

The Non-Recurring Start-Uop costs for the "golden"™ <ccmputer can ke
trcken down intc the hardware ©procurement cost and the architecture
verificaticn process vrperformed to validate the integrity of the
"golden" computer. This verification is extremely crucial in assuring
the gquality of the system and would require detailed analysis almost
ccnparaktle to any of the other approactes.

The estimates for these costs are as fcllcws:

MIL-STID-1750 Computer Acquisition and
Ground Support Equigment

$500K

"Golden'" Computer Verification 2.5 man years

7-65
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The software totals then for each aprroach are as focllcus:

Lockstep with "Golden" Conmputer 10. 1 man years

lockstep with Simulator = 13.6 man years
Semi-Lockstep, predetermined Results = 8.6 man years
Note: An additional 0.4 man years would be added to each

total if a software trace feature was required to be
develcped and integrated.

7.2.12.3 Recurring Costs

The recurring costs associated with the lockstep approach and its
variations consists of the hardvare maintenance cost associated with
tte "gclden®” computer, the personnel allccated during the verification
process, and the cost of sustaining the verification s~ftware
FICgrams.

7.2.12.4 1Time Required to Perform Validaticn

Tte time required to transfer, execute and ccmpare tke 5,000 test
tuckets cac ke calculated by substituting arprorriate cons.ants intn
tte follcwing equation:

Verification time = Pootstrap load Time for Unit Under lest +
Eootstrap Load Time for "Gclden"m Computer +
Master Computer Initialization Time +
Test Case Transfer Time to Unit Under Test +
Test Case Transfer Time tc "Gclden" Computer +
Test Case Execution Time +
Supervisor Program Cverhead +
Test Results Transfer from Unit Under Test
to Master +

Test Pesults Transfer from ®*Gc¢lden! Computer
to Master +

Time tc Ccrpare Trace Informaticn and Print
Results.

— -

.
Py > Sl
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Sutstituting line-by-line we have:

min

pin

nin

sec

sec

(50,000 instructicns s/ S00,000 instructions/
sec = 0.1 sec) +

(SOK instructions * 1K overhead factor /

S00K instructicns/sec = 100 =ec) ¢

sec +

sec +

min

Verification time =

XYY
+ 4+ + + +

[EUR oY)
o W
PN I
Qw W

[t}
N
~

Total Time minutes, 50 seccnds.

7.2.12.5 Impact to SEAFAC Resources

T1he irplementation of the Lockstep approacht for a verificaticn program
urder a Master/Slave configuraticn, would recuire the use of a library
systen on the Haster computer to ccntrecl the develcrment cof test
tuckets and potentially their predetermined results. Support software
ccnsisticrg of a cross assembler, 1linking lcader and sisulator would
also have to be available on the Master. SEAFAC persconel would be
required to develop and maintain the test buckets and all software
modules that coamprise the verification program as well as supervise
tke certification process each time a vendor trings a kcx to be
tested. If a "golden" computer is <selected, then SEAFAC personnel
rust also develop, verify and maintain it, and its related Ground
Support Equipment. Also additional space and fpower must ke pade
available to accommodate the "gclden" ccmputer.

The ccst data impact tc SEAFAC (and the previously discussed cost
data) is summarized in Table 7-13.

|
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Table 7-13. Cost Summary for the lcckstefp Argroach Under a
Master/Slave Test Ccpfiguratior

e m e c rcrm e m— e, — - m - — - ———————————— - —————- - —————
[ Cost |
ekttt i |
)} Ban | J

Item |Years| K $ |

I S I T T A R R R R R S i P R R R Rt R R R 2 A 2 2t g 4 l
Non-Recurring Start-U0Up Costs
Hardware

{

|

|

|

|

| l | |
| l | |
{ - Develorment/Master Computer { © I © {
i - MIL-STD-1553 and RS-232 I/C Tnterfaces { O i 0 |
| - "Golden" Comruter ] 7.143500 )
| l | l
| Scoftware i | |
| - MIL-SID=-1750 Support Software (Cross Assembler, | O i 0 |
I Linking Loader, Simulatcr) | i |
1 - Bootstrap lLoad Progran { 0.3 § 21 |
| - Source Tape Generation Prcgramp i 0.3 | 21 |
| - Contrcl Program on Master 1 1.8 |} 126 |
t - Supervisor Prcgram | 1.4 ) <¢g |
} - Test Buckets } 3.0 | 21C |
| - Test Bucket Results | 1.0 | 70 |
| -~ Software Trace Module | 0.4 | 28 |
] - Sipmulator | 6.0 § 420 |
| - I1/0 Test Prograres i 0.5 | 35 |
{ | | {
| Otter i i i
] - Test Plan Document | 0.3 ) 21
| - "Golden" Computer Verification | 2.5 ) 175 |
I |==== fo===
| TOT2L WITRE "GCLDEN"™ CCMPOUTER 117.2 11207 |
i TCTAI WITH SIMULATORE J13.€ | 9423 |
| TOTAL WITE PRELCETEFMINED RESULTS | 8.6 | 602 |
] (NOTE: ACD $28K TC EACE FIGURE IF i i |
| NC HARDVARE TRACE IS AVAILAELE) i ) |
PR Y L L L L el L DL PP PP LD P P S T et D e L L L LTy
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Table 7-13. Cost Summary for the Lcckstep Aprproach OUnder a

Masiter/Slave Test Configuration (cont)

o et m e —— = = = = - -——— [ g S —— c——-

P L Y T T e S S T T T L T Yy P P T ¥
2+ 2t 3+ F 1t 2 3 - 1 3 1+ 2 4 22 F 5 S+ 2 2 2 2 2 B2 R P R R X P P 2 R 25 &2

Recurring Costs/Computer
Hardware
- Maintenance
- #"Golden" Computer Maintenance

Software
- Maintenance
"Golden" Computer: 58K * 2 errors/K * £1,400/30
Simulator: 71K * 2 errors/K #* $1,400/30
Predetermined Results:
1,051K * 0.2 errors/K * $1,400,/30

Personnel
- Coverage to Initialize, Cbserve and Rnalyze
Results (2 Peorle for 1 Week)
- Technician to Supervise Integqgraticn of I/O
Interface

Otter '
- Test Plan to Vendor with Verification Source

WGCLDEKN" CCMEUTEE TOTAL
SIMUOLATOF TOTAL
PREDETERMINED RESULTIS TOTAL

| Cost |
‘ - e asanan o > W et e - I
| Man | |
jfears| K $ |

10.077| 5.41
10.0S61 6.72
| |
10.14 | 9.81
| ]
| i
{0.04 | 2.8
| I
[0.004] 0.28
|
|
i

10.211414.77 |
0. 144110.08 |
]0.188113.17 |

- 0 e e 20 =t o 2 2 D D = = = D S . - - - - Sy §
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7.3 CUALITY OF VERIFICATION APPROACHES AND SOFTWAEE VRLIDATICA COSTS

B discvssion of the concepts behind the quality of verification
arrroaches and the methodolcgy used tc¢ measure that quality and its
associated costs was described in earlier sections.

This section describes the aprlicaticr of that methodclogy. It is
presented ip three parts. The first ©part describes the raw data
cathered and the technigques used tc gather that data. The second part
analyzes and summarizes this data. Finally, the +third part presents
an interpretation of the results.

7.2.1 Data Collectio

Twc distinct steps have been identified as necessary for estimating
tte costs to be assigned to the different verification aprroaches.
These have been discussed in detail previously. They are summarized
kere:

Step 1 Establish the relationstip between the number of
architectural discrepancies remaining in & computer
after architectural verification (sell-off) and the
cost of permitting those discrepancies (because of an
imperfect verificaticn method).

Step 2 For each verificaticn method, determine tke number of
architectural discreranciecs expected tc remain after
verification, and, wusing the relationship estatlished
in Ster 1, compute the <cost associated witk those
repaining architectural discrepancies.

7.2.1.1 Data Collection for Ster 1

Five avicnics programs were identified in the proposal to tbe Air
Fcrce as potertially useful for rroviding data fcr Step 1. These
WeEre:

EAVE LOW

A-7

B-52D SPN/GERANS
F-111

E-3A A WACS

Ir the course of study, nine <cther potentially useful prcgrams have
teen identified. Each «cf these is a hardware upgrade. (See Section
€.2.1.3 for a discussion of the significance of the Lardware upgrade
aspect.) These programs are:
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e

Pave iUk

Pav . L7/ VATS

Fo

Sga..

A-6c

A=6 . ... - ¥issile Wiring System .

LAMPS b

EA-oc

F-8
All o wen pro. . e w0 ow ilnvestigated tc ottair a general K
trnde.s- . . .ng CE ea. -+ collected ircluded tle missior, customer, '
ccgrut.- . .. ipnvcive.. o .:.-3ff date, nature of change, and the nagmes !
cf tu a2l .eare, Sc:vvs -, configuraticn ccntrol, ané Frograp Cffice

verscrrel.

These prcgrams were then scrutinized for applicakility of data. Eight
cf the fourteen programs were eliminated. Various reascns arply. For
example, tke Space Shuttle software validation costs were not deemed
representative of the validaticn costs which would be expected for the
acticipated MIL-STD-1750 arplications tecause cf tte special
reliatility <concerns due ¢to 1large investrents in the program and
redundancy testing necessary for manned safety. As ancther example,
tte A-f Upiversal 4dissile Wiring Systenr was only in the final checkout
stage at <the time of data ccllectior. Hence, tke data is not
available.

The avicrics upgrade programs which remain are:

E~520 SPN/GEANS
EAVE TACK

PAVE TACK/VATS
F-111

PAVE LOW

Tte ccmputers imnvolved in these prcgrams are shown in Table 7-14.
Cetailed scftware validation data and EC data were then ccllected for
ttese vrograase. These data are listed ir 7Tables 7-1% througk 7-20,
respectively.
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i Table 7-14. Hardware Upgrades
| A — R — ,
! | | Sell-Off | Criginal Computer/| New Computer/ |
. i Prcgram | Date | Fart Number | Part KNumber ]
f I i3ttt -ttt T Tttt ittt ittt t -t ittt t -ttt 1ttt T+t 1+ %4 ‘
{ 2=7 | 10/15/76 | TC=2R(74) | 1C-23 (76) |
| | | | 6870600 | 6870500-1 |
| i | (Pre-Prod) { (Prod) |
i l | | |
) | FRAVE LCW | 01/26/79 | TC-22 (76) | 1C-3E |
| | | 6870500=-2 | €259000-1 |
] | | l |
| FXVE TACK | 04/01/76 ] TC-3 { TC=3 |
| | | 687CUC0~1 | 6870400-1 |
| | | | {
| PAVE TACK/VATS | 0z2/28/78 | TIC-3 | IC-32a |
| | | 6870400-1 | 6870400~-2 |
1 | | (Pre-Frcd) | (VA1S) |
] | | | |
| F=111 | 0z/17/78 | CP-2 | CP-2A |
] | | | €195500-1 }
i | | | |
{ B-E2D i 2/24/79 } aP-101 ] 2P=-101C {
| SEN/GERANS | | €1€0C2¢ | €217800-20 |
tomrarcrecncceaneceaemmenem e oo -, - - . - . R D e A S e G D s e e . +
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Table 7-1%., A-7 Program [Cata

Erccraum: A-7
Customer: Navy/L1V

Sell~-0ff Date: 15 Octoter 197€

Crerational Flight Program Validation: Naval Weapons Cernter,
China Lake

- - - — - — . —— — - — . . — - —— - —— . — - - - -~ ——— — ——— ——

|
|
1
i
|} Ccmruters: TC-2A (74) , converted to TC=24 (76)
|
]
|
|
|

| Functicn LCescription: Navigation and weapors delivery for

IClose Support Light Attack aircraft.

|

|Eardware Change Summary: Changed frcm Modular Core Memcry (HCH)

|tc Ccutle Density Modular Core Mercry (IMCM), increasing maximum
{memory capacity from 40K by 16 bits to €U4K bty 17 tits. Added memory
frarity, hardened base registers, and five instructicns. Cptimized
11,0 logic and increased CPU fperformance. Added surge arp in ccnverter
| fcr wheels drive.

1

| Scftware Revalidation Data: The ravigaticn and weapons delivery
lcrogram was revalidated by tke Navy at the China lake Navai Weapons
iCenter. 1The program was 16K in length. ©Fffort expended was 96 man-
| weeks. The initial validation effcrt was trerformed or a laboratory
lsimulator, then 30 flight tests were performed.

!

|EC Data: Twenty-four architecture related changes have Lbeen made
|since sell-off. (See the discussicn akcut the scope cf
frarchitectural relevance" in the Sectior 5.2.1.2.) These ECs are
ftlotted in Figure 7-4.

fmmcmm=- [P ——— - - - O - - - S - - - . - > o -
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Figqure 7-4. ECs Since Sell-0ff fcr the R-7 Procracm
(Sheet 1 of 1)
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Table 7-16. 3B-52D SEN/GEANS Prcgram Data

Frcgram: B-52D SPN/GEANS

Customer: Air Force/Warner Rcbbins Air logistics Certer

Sell~-0frf Date: 12 March 1979

| |
| |
| |
! !
| Ccmputers: AP=-101, converted to AE-101C |
] |
! |
| ]
| Creratiopnal Flight Program Validatior: TEM |
] !

{Functicn Description: The ccumputer is used to ccntrcl an Inertial |
|Measuring Unit (platfcrm) for precisicn navigation of the 5-520. |
|This unit is designated SPN/GEANS (Standard Precision Navigation/ |
IGimtalled Electrostatically Suspended Gyro Airkcrrne XNevigaticn !
| System). i
i |
| Bardware Change Summary: The AP-101 corputer was replaced with tke i
| 2E-101C. 1This involved a complete re-trackaging ¢f the racnine, i
jincluding CPU, I/0, and memory. !
| i
]Sottware Revalidation Data: Scftware revalidation began on 12 March
| 1€79. Approximately 1’2 of the effort was for adding new furnctions; |
Jtke ¢ata has this taken into account. Flight testing has not begun. |
|Therefore, estimates of the total expected rumber of fligut tests have|
Jteen made by personnel experienced in flight testing. Projected {
jeffort is 43 man weeks. Approximately twelve flight tests are !
|expected. The size of the program teing revalidated is 18K. |
| |
JEC Cata: Twenty-six ECs of architectural relevance have been written |
|since sell=-off. (See the discussion atout the scope cf Marchitectural]
|relevance"™ in Section 5.2.1.2.) These ECs are plctted in Pigure 7-5. |
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Table 7-17. PAVE TACK Frogram Cata

trmmweo- - - - - > - o= " S D T e an AR D W AR D S = - - - - e - --- +
Frcgram: PAVE TACK

Customer: Air Force/Ford Aerospace

Sell1-0ff Date: 1 April 197¢€

| |
| |
! |
| i
| Computers: TC-3 |
| |
| !
I |
| Cperaticnal Flight Program Validation: IEM {
| |

' D D D S D P S P D D ER e P D D D D WS S D S an b P AP TN G G R e G SR TR S D W AP S e e SR R AR G P G WS AR S AP an e e I

|Function Description: 1The functicr is tc identify targets fcr |
|grecision electro-optical weapons using a laser rangers/designator pogd.|
]2 TV displays target informaticn tc¢ operator and a pod interfaces |
twith the NAV cozmputer. This is used on toth the F-4 ané F-111 i
irlatforms. . !
| i
| Bardware Change Summary: The memory was dcubled in size from 8K to j
| | 1€R, Lty converting from one MCM tc two MCM.

|
|]Scftware RKevalidation Cata: Two forms cf self-test facilitated
lcheckout. The first was a minimal test wlkich is invoked periodically
ldvring the execution of the Orerational Plight Prcgram. The second
jvas a Self Test Mode which drives the pod hardvware and feeds back
|éata for a closed=-loop check.

L

{The rrogram which was revalidated was €F in size and took ome man week
Itlus one flight test to revalidate.

| .

{EC Lata: One EC of architectural relevance was written after sell-off

i
i
|
i
|
l
I
l
!
|
| (v Reril 1976). |

o o e - S > > - - - - - - o - - - - ———— - meewecnramenee- +
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Table 7-18. PAVE LOW Program data

L L ettt LD E L PP P e L P L T LR L s +
Program: PAVE LOW

Customer: Air Force/ASD/SDX
Computers: TC-2, converted to TC-3B
Sell-off Date: 26 January 1979

Opverational Flight Program Validation: 1IEN

|Function Description: The PAVE LCW missicn is a heliccpter search
|and rescue during night/adverse weather. The equipment perforas
|rrecision navigation and locates survivcrs. The computer estimates
|survivor latitude and lcngitude (kased on "beeper" information) and
Imanages a platform, IR sensors, and terrain fcllcwing radar.

|

|Hardvware Change Summary: The unique EAVE LOW I/0 was incorporated
linto the computer LRU. Processor sreed was increased. Memcry size
lincreased from 16K to 32K by replacing the PBasic Operating Memory
|with DMCM. New instructions were added and the lcgic was ortimized.
|

|Software Revalidation Data: Revalidaticn effort consisted of four
|zan cays cf lab effort and cne flight test. The program which was
lrevalidated was 16K in length.

|

|EC Tata: Only one architecture related EC was writter since sell=-off
l¢cn 26 January 1979.

{rmccne-—— - - - - - - - - - - - - - - - - - - - -
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Taple 7-19. PAVE TACK/VATIS Program Data

Program: PAVE TACK/VA1S

Customer: Air Force/Ford Aercspace
Computers: TC-3

Sell-0fi LCate: 28 February 1978

Crerational Flight Prcgram Validaticn: TEM

— e — . —— A— —

|Functicn Cescription: The functicrn is tc identify targets for
Irrecision electro-optical weapons using laser ranger/designator pod.
| TV displays target informaticn to operator and a pod interfaces with
lthe NAV ccmputer. This is used on both the F-4 and F-111 platforums.

I

Bardware Change Summary: Additional I/C channel capakility was added
Jte interface with the Video Augmented Tracker System. This allowed

fa 50 KAz input channel to be rultirlexed tetween the laser ranger and
jthe Video Tracking Unit.

|
|Scftware Revalidation Data: Two forms cf self-test facilitated
Jcheckout. The first was a minimpal test which is invcked periodically
|during the execution cf the Operational Flight Program. The second
|was a Self Test Mode wWhich drives the pcd hardware and feeds back data
{for a closed-loop check.

|

jTte program which was revalidated was 12K in size and toock two man-
{veeks plus one flight test to revalidate.

|

|EC Data: No engineering changes reflecting architecture deviations
|vere written since initial sell-off (2,28/78).

e mmm—— - = - - - - > = - = 4 = 8 P o b =8 =8 = o e 7 = 8 A o b 8 e o o e +
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Table 7-20. F-111 Prcgram Data

e e rr Cr G C e EE G- - - e = e e e - -——-—--
Frcgram: F-111

Customer: Air Force/SMALC

Architecture Verification Date: 17 Fetruvary 1¢78

Cperational Flight Program Validation: <Sacramentc Air logistics

!
|
|
|
| | Computers: CP-2, converted to CE=-2A
|
|
]
]
| Center, Engireering Division

|Function Description: The F-111 is a tactical fighter-ktcmtier for
|deer interdiction and strategic missicns. 1The computers perfornm
|navication and weapons delivery.

{

|Eardwvare Change Summary: The CP-2 machine was completely redesigned
land revackaged, while retaining instructicr set ccmpatitility.
|Storace capacity was increased from 16K bty 18 bits to €UK by 18 bites.
|Perforrance was increased by a factor cf three.

|

{Software Revalidation Data: The CE-2R trassboard machine was sub-
zitted to the Air Force as part of an unsolicited rpropcsal. This

| ;achine was evaluated by validaticn of proper executicn of various
|F=111 Operational Flight Programs. Tests were conducted at the F-111
|2vionics Integration Suprort Facility, tvsing both static and
fsimulated f£light conditions. No flight tests vere performed; however,|
it was estimated that six flight tests %culd be necessary. Validation|
|was completed for three OFPs which were 20K, 16K, and 1€K in length. |
]The 20K program was a ccmposite of the cther two. Effort expended

| for these programs was 54 man weeks.

I
|
|
IC Tata: Since the machine which was used for validaticon |
was a breadboard, changes were recorded tut not formally written up |
as FCs. Hence, no time informaticm is available. A tctal of nine |
architectural discrepancies were found. 1Testing took place over a i
2z 1/2 month period. Use of the machine was then disccrtinued. |
| (Note that this machine was in the form of an unsclicited prorposal; |
1it was rot sold.) !




€17617%A FINAL FEPCET Fekruary 29, 1980

EC data collection typically began ty cktaining an "As-Euilt List" for
tte ccnpruter 1n question. This list ccntains the rart numbers for ail
of the rajor subassemblies in each ccmputer. Summary EC information
was obtained for each major subassewbly 1in the ccmruter via the Owego
Part Nunmber Identification User System (CFIUS). This is an automated
system which allows a user, via a keyboard/display tercinal, to obtain
a listing of all ECs written against eact rart number.

j Fach EC was physically pulled from the records center ard examingd to
deterrine its architectural relevance. (See the discussion agout
architectural relevance 1in Secticn £.Z2.1.2.) Each EC ~contains
rarked-utr drawings, wiring lists, rarts 1lists, arnd a descripticn of
tte nature of the change. Fcr each EC judged tc ke relevant, the EC
nunber and date were recorded.

Tte software revalidation data listed in Tatles 7-15 through 7-20 is
surmarized in Table 7-21. The cost figures, Eoth in terms of total
ccst and cost per K lines of code, are alsc shown in Takle 7-z1. 1Two
ccst elerents ccmprise the total. The first is the weekly wage cost,
$1,34€, which is multiplied ty the number of man weeks cf effort. The
seccnd 1s the average cost per flight test. Two data points are
averaged here: the current average cost used by the Navy at the Chirna
lake Naval Weapons Center which is $2,000 and the anticipated cost of
tte flight tests for F-~111, which was $2,CC0. The resulting $2,500
average is multigplied by the number cf flight tests.

Takle 7-21. Operational Flight Prcgram Revalidatican Data

dremmme—— - s o 4 > e o o e o +
| | | Revalidaticr Data i i
1 i === e eSS ——e——————— | Cost per |
J | { Program | |Flight| Total | K Llines i
i Progranm |Computer| Size ] MW |Tests | Cost | cf Code |
l---------‘------------‘------------------------------ ----- ----------l
| 2=7 | TC-2A | 16K | 6 | 30 | 204,2z1€) 12,764 i
| | { | | | | |
|EAVE LOW | TC-3B | 16K | 11 1 | 3,846 240 |
{ { l | | | i |
JEAVE TACK j TC-3 | 8K N | 1 | 3,€4€] 4381 |
| l | | | | | |
|EAVE TACK/VATS | TC-3A | 12K i 21 LI 5, 1924 433 i
| I | ! | | ) |
! | | 16K { | i | |
| | { | | { { |
{E-S2D/SEN GEANS| AP-101C}| 18K | 43 | 12% | 87,78 4,882 |
I--—------------------ - wh D R e D S D G D P D WD =P A W S A P GD WD AP S AP WP D D W D G W e G D D S S D aS W  w I
| *Includes projections. {
+---~------~-------------------------- -----‘--—----------—-----------*
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7.2.1.2 Data Collection for Ster 2

Tte application of Step 2 described above required the collection of
EC data for three types of verification arrroaches:

Functional
Random
Lockstep

For tlke Functicnal approach, three of the rrograms which have already
Feen investigated are arrlicakle. These are B-52ZD SPN/GEANS, A-7, and
P-111. The machines 1in these programs underwent comfplete, or nearly
ccmplete, changes. As a result, the data should represent the resuits
that could be expected for arrlicaticn of a Functiopal type
verification process to a typical MII-STD-1750 machine. (Note the
deficiencies, however, in the F~111 data, described in 1Takle 7-20.)
The EC data in Tables 7-15, 7-16 and 7-2C arply-

Fcr the Random approach, an IEE £/270 Model was investigated.
Urfortunately, no machines have been built which were tested solely
with the Random approach. In all cases, the Functicnal method wus
also aorlied. The test package consisted of a ccntrol program
(crerating system) and the following tests:

Storage

Relocation Architectrure

Operating System Hardware

Storage Protection

Miscellaneous I/C

RKey to this package is tte use of the randcr instructicn generator.

Cata cathered were Eeguests for Engineering Acticn (REAs) whict are
equivalert to Engineering Charges. Fach REA provides a description of
tte change and the reason for the change. TFach FEA was examined as to
its relevancy; non-architecture related changes were thrcwr out.

First ship was March 17, 1978. REAs prior to this date were ignored.
Change data are shown in Figure 7-6.
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Figure 7-6. ECs of Architectural Relevance for Systen/370 Model
versus Tire

Fcr thke Lockstep approach, the IBM Series/1 Model u4SS2 was chosen.
This method has been employed by the IBY General Systems L[ivisicn to
test several models of the Series/1 ccrruter: the #4952, 4955, and the
ucc2. Lockstep had been applied tc the first two models subsequent to
first ship. Only the Model 49t2 had teen verified ty the Lockstep
rethcd prior to first custcmer ship. First ship date was Jumne 4,
1679. At the time of data collecticn, August 29, 1979, no Exgineering
Changes tad been written against this model.

Also required for the application of <Step 2 was the collection cf
machine size and EC distribution informaticn for the rcrmalization of
tte EC data. The methcds for arpplication of these data are described
ip Appendix B.

The machine size data was gathered with the use of tte COPIUS systen
and ccmputer~generated indented parts 1lists. Fcr urgraded coamputers,
each sulassembly parts 1list was ccmpared for differences betweer the
original and the upgraded machines. These differences were tabulated
and totaled to arrive at the machine <change size in terms of gates,
ricrocode bits, and main storage bits. These data are shown in Table
7-22.

-
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Table 7-22. Hardware Change Size/Machine Size

| * Since no ECs were fcund, no machine size data collection was
{ necessary.

R b L et - - - - = - - — -~ +
| i Logic 1 Microcode | Mairn Store |
| Progranm | (Gates) | (Bits | {(Eits) |
| TS S S SN C E TS S S S r S I oSS ST S S S ST =SS ST ESESES=ES S S S=S ==
{ A=7 | 15,350 | 0 ! 458,752 |
| ! | | |
| PAVE 1C¥ | 7,519 | 0 { 0 {
! { | l |
| PAVE TACK | 0 | 0 | 131,072 |
] i | | |
| PAVE TACK,/VA1IS I 4 | 0 I 0 |
{ | | { l
| F=-111 | 15,715 | 547,136 I 1,175,648 |
| | | | i
| E~-S2D/SPN GEANS | 29,894 | 611,201 i 1,179,648 |
| | | l |
| Series/1* [ - | - i - |
| | | ] !
| System/370 Model f 274,000 { 1,719,296 | 8,3E€,€608 |
] ] ! | |
] |
|
!

Fach relevant EC was examined to determrine whether the cause was
logic-related, microcode~related or mair stcore-related. These data
are stown in Table 7-23.
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Table 7=-23. Distributior of ECs

| A=7 | 16 | 0 | 8 |
| | l | |
| FAVE LOW | 0 | 0 | 1 |
I | | | |
| PAVE TACK | 1 | C ! 0 |
| | I | |
| FAVE TACK/VATS | ¢ { ¢ { 0 |
1 | | | i
| F=111 [ 6 { 1 | 2 {
1 | | | l
| E=S2C/SEN GEANS | 1€ | 10 | 90 |
| | | 1 |
| Series/t=* ] - | - | - [
1 | | | l
| System/370 Model | 26 ] 14 | L l
=== e e P e e e e e e S S e e e S S S Se S Se—ssa—sseo—== i
{ *Since nc ECs were found, nc machine size data ccllecticn was ]
| necessary. |
et e et R R R i +

Tte procedure for normalization of architectural discrepancies
requires iniormation on the size <¢f the ncminal MIL-STIC-17E50 machine.
Tte ncminal size of the MIL-STD-17%0 machine is assumed-to be the same
as the machine used in B=-52D SEN/GEANS. This wmactine, which wvas
recently developed, contained 64K Lty 32 tits c¢cf wmair storage, two
MIL-STD~15E3 channels, and discrete 1/0. Performance is approximately
SC0 RKCPS. The urit is packaged in a full ATR ccnfiguration. This is
telieved to be typical of the forthcoming MIL-STLC-1750 rachine.

7.2.2 Apalysis of Quality Data

This section «contains an analysis of the data descriked in the
previous section. It begins with the estimaticn of the total number
of architectural discrepancies for the fprograms previously descrited.
This is done with the aid of a set cf APL rrograms which were writtern
to implement the correlation coefficient and squared error techuiques
described in Appendices B and C.

Next, the relationship between the rrojected total cumber of
architectural discrepancies remaining after verificaticn anc¢ the cost
of having those discrepancies remain is estatlished.

Finally, the quality associated with each verificaticn &method is
discussed.
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7.2.2.1 BApplication of Correlation Coefficient and Squared Errcor
Techniques tc EC Data

Ergineering Change data for the varicus programs ard machkines has
frevicusly been described. To summarize the results, sufiicient data
exist to estimate the total nunmber of architectural discrepancies for
three machines/rrograms: A-7, B-52D SEN/GEANS, and the System/370
Mcdel. Series/1, PAVE LOW, PAVE TACEK/VR1S, and PAVE TACK have either
zero or one EC; no projection is therefcre rossible. The F~-111 data
has no time information and the method cannct be applied.

Tc aid in determining the projected total number of arctitectural
discrepancies ifor A-7, B-S2D SEN/GEANS, and the Systern,/370 Kodel, APL
rregrams have been written which apply tte ccrrelation ccefficient and
squared error techmnigues which are descrited in Appendix B. Five
rrcgrams have been written:

X FIT Y
F

MEAN

VAR
ESTIMATE

Ttese programs are listed in Arrendix C. The prccras X FIT Y
transforms the cumulative data, g(t), and computes the best fitting
line using the linear regression formulas givenm in Appendix B. It
calls vupon the programs MFAN and VAF +tc compute the reans arnd
variances required for the regression analysis. X FIT Y also computes
tte correlation coefficient and the squared error. For the latter, it
calls upon the program F to calculate tlke values of the fitted curve,
c(t ).

Finally, the program ESTIMATE is used tc estimate the total numker of
architectural discrepancies. It does sc Lty successive apprcximatior.
It chooses values of C (as previously discussed) and invokes X FIT Y
tc provide the corresponding correlaticn coefficierts ané squared
€rrors. It determines how to change C +tc obtain either a higher
correlation coefficient or a 1lcwer ¢ red error. It contipues to
test different values of C until th~ } . estimate 0of C is obtained.

Notice that the ©program ESTIMATE .s listed in Appendix C prints "aA-7
Frgineering Changes". Thkis is changed fcr cach new set cf data.

2lsc note that, as listed, it optimizes tased on the squeared error. &
sigrle change makes it optimize on the ccrrelaticn coefficient.

The sauared error 1is a tetter measure «cf fit, since it ccmpares the

calculated curve, g(x), with the actual data. The correlation
ccefficient, however, measures the degree cf fit of +the calculated
line with the transformed data. Since the transform is non-linear,
error may be introduced. Because of this, the squared error technique
ie vused for estimation of C. However, the <calculaticns are also

7-8€
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performed using the correlation coefficient technique, since it is
exrvected that the errors introduced would te small. 1Tle results serve
as a cteck of the squared error methcd, and are provided for
irformation purgoses only.

Thte results of these prcgrams are provided in Appendix D. They are
summarized in Table 7~-24.

Table 7-24. Estimate of Total Architectural Ciscrepancies

L D il e T L LT T - —————— +
1 | | Estimpated Tctal Architectural Tiscrepancies | 2
| | TOtAl |==== s e e e e i ;
| Erodaram j ECs | Squared Errcr | Correlatior Coefficient |
| | | Method I Methcd | ;
' =5t BB B el e e 4 ::::=::::::::::::::::::::::::::‘ {
] E=S2D SEN/ | 26 I 27 I 30 ! .
| GEANS | l | i i
! i { | |
| A=7 | 24 | 29 | 28 |
| | | ! }
| Systen/370 | | | {
| Model I 44 | 68 ! €€ i

+

It is satisfying to note that the projections using tle two different
methods track gquite. closely. It is alsc satisfying tc ncte that the
rrojecticns for the System/370 Model using the two metkods compare
favorably with the projection of €4 tctal architectural discrepancies
ttat was obtained previously using the decreasing e€xporertial method.

7.2.2.2 Projections for Programs with Irsufficient Data

X As was mentioned previously, five of tte programs dc ©not thave
sufficient data to permit use of the foregcing methods. Fcur cf these
five have either zerc or one FC written against then. Since
insufficient data points exist to fit lines for these four programs,
tte data will be wused as is; i.e., the projected tctal number of
architectural discrepancies is the same as the number of ECs found to
date,

Tte £ifth program is F-111, which has nine architectural discrepancies
tut nc time informaticn. Because cf this, the methods of projecticn
cf the total number of architectural discrerancies carnct te applied.
Acain the data is used as 1is; nine architectural discrefpancies is tkhe
crojected total for P-111. This necessarily tkiases the data, but
there is another, offsetting, bias. This will be discussed more fully
in Section 7.3.2.4.

T e e————

i o it a2l Bl
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7.3.2.3 Estimation of the Cost vs Architectural Discrepancies
Relationship

Tte cost of validation of Orperational Flight Programs (CFPs) versus
tte rrojected number of architectural discrepancies remaining after
verification is plotted in Figure 7-7. The data are alsc summarized
ir Table 7-25. These data have been previously descrilted in detail.

L
g
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Figure 7-7. Cost versus Architectural liscrepancies
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Tatle 7=-:.5. <Summary of Architectural Tiscrepancy and Fevalidation
Cost Data

o e e e e - e > - e = = = - - - ————— +
| | | Total Prcjected | Total mevalidation|
( | [ Architectural | Cost Fer K Lines |
| Program } Computer | Discrepancies ] cf Ccde ]
|~ mmmr e e e e e e e e e e e e e e — e — - |
| | | | |
| A=7 | TC-2A [ 29 | 12,7¢4 |
! l ! l |
| TAVE LCW | TC-13E | 1 | 240 ]
I | | ! i
| SAVE TACK | TC-2 i 1 i 451 |
| | | | i
| PAVE TACK/VATS | TC-3A | C | 433 |
| | | | i
| F=1M1 | CP-22A | 9 | 1,686 |
! | ! | |
| E-S2D/SEN GEANS | AP-101C | 27 i 4,882

o e e e e e i o = T = . e - > - = =~ —— +
Tte test fatting iine 1is alsc drawn ir Figure 7-7. Tte eguation

scc
tte 1line was calculated via linear regression analysis usiag tkhe
equations <for slope and intercept descrited in Appendix E. 1
€equation is:

Ccllars Projected Total i
--------------- = =154 + 320 * | Numker c¢f Architectural! (7=1)
R Lines cf Code Discrerparcies J

Thte correlation coefficient €for this equation is 0.€877. This 1is a
measure of the degree of fit c¢f the given tcints to thke least squares
straight line. A value cf one indicates exact cnrrelation; a value of
2€ro indicates no correlation. 1In this <case, a reasoratle fit of the
¢ata to the least-squares straight line is indicated.

Tte negative value of the intercept warrants discussicr. If a near
perfect verification prcgram were availalle (i.e., the projected tctal
rumber of architectural discrerancies after verification would
agrroach zero), the minimum cost to be incurred would ke tke cost of
the basic flight test to validate the crerational <flight program, or
$2,500. Tc translate this to dollars fer K lipes of ccde, this figure
cculd be divided by the average size of the Cperaticral Flight
Frograms, in this case 1%SK. This yields a value {which 1s tne
expected y-intercept) of $167 per K lines cf code.

Naturally, a negative <cost for this flight test 1is physicaily
izpossitle. dHdowever, when thke 1least-scuares line «c¢f Figure 7-7 is
examined, it can be easily seen that a y-intercept of %167 instead of
a -3154 would not significantly alter the fit of the line toc the Jdata

i,
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fcints. In summary, the negative intercept does not severely limit
tte credibility of the fitted line.

Note that this curve does not, by itself Aistinquish Letweer different
verificaticn wethods. But, given the guality (in projected total
rupber of architectural discrepancies) cf a particular certificatiown
nethod, the associated cost can be deterrmined.

Rs an example of the use of this equaticn, suppose that Verification
Method A were determined to have 20 exyrected architectural
discrepancies remaining in a machine the size of a typical
MI1-STD-1750 implementation after certification. 1This would yield

Doliars
--------------- = -1%4 + 220 * 20 (rrcjected architectural
K lines cf Cocde discrepancies)

€,2U06

If one assumed an average Operaticnal Flight Prcgram size cf 32K and
expected the number of Crerational ¥lighkt ©Programs to ke written cver
tte useful life of MIL-STD~1750 to ke ten, then the total cost 1is:

cost = 6246 Dcllars 32 K lines of Code
——————————————— & L o e L *x
K Lines c¢f Ccde Crerational Flight Progran

10 Gperational Flight Programs

$1,998,720

This may be thought of as ar ectinpate cf tte remalty (cost) that must
te paid for having a less-than-rerfect verification method
{hypothetical Verificaticn Method R, in this exanple).

7.2.2.4 [Ciscussion of the Tata Fcints for tte Cost versus
drchitectural Discrepancies Felationshir

Cf the six data points used in ccnstructing tle cost versus
architectural discrepancies relaticnship, two have restrictions which
reduce the contidence which can ke placed in then.

Tte first is B-52D SEN/GEANS. This procram has yet to begin the
flight test portion of software validation. Hence, ar estinate was
rade of the exprected nurber of flight tests by a =scftware enaireer
with significant experience in this area. VWNaturally, the data poirt
is no tetter than the ectimate. Rhile ccmrarisor withk the A-7 data

7-90
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Fcint suagests that the estimated number of flight tests may bpe low
ané that the cost for E-22D SPN/GEZANS may be understated, the cGata
Fcint 1s used as is with the above caveat.

The second data point in F-111, Both the scftware validation cost apd
tte rrojected number of architectural discrepancies are known to ke
understated. The reason for the cost tias is that one cf the programs
which was validated was a ccpnposite of the two cthers. As a result,
scme c¢f the code which was validated vwas redundant; tke cost data is
an understatement of the true cost.

Tte reason for the bias in the projected number of architectural
discrepancies lies behind the incceplete nature of tle program. 1BH
sukmitted an unsolicited progposal tc revplace the twc CP-2 computers

cntoard the F-111 with a CP-2A conmputer. A brassboard mRmachine was
tuilt and was used for Operational Flight Program revalidation by the
Air Fcrce, Only the sirmulation rpcrtion of validation was completed

however; no £light tests were perforred. Because of the informal
nature of the brassboard development, <changes vwere recorded Ltut nct
fcrmally written up as ECs. Urocon ccmrleticn of the simulaticn portion
ct the validatiocn, use of the machine was discontinued. Estimates of
tte expected number of flight test and asscciated costs were made by
tte Air Force, however. In <summary, the fcllcwing deficiencies exist
with the F-111 data:

1. The lack of time information dces not permit a prcjecticn cof
the total number of architectural discrepancies. Also, the
amount of data has been reduced tecause use <cf the machine
was discontinued. Since tte nusber of ECs is used directly

as an estimate of the preiected total number of
architectural discrepancies, this results in an
urderstatement of the total pumber of architectural
discrepancies.

Since, in this case, the nurber of ECs is wused directly as
an estimate of +the prcjected total number of architectural
discrepancies, this results 1in an understatement of tkhe
total number of architectural discrerancies.

2. The flight testing portion of tte software validation costs
is an estimate.

- The three OFPs were somewhat redundant in nature, resulting
in an understatement of the velidation cost per K lines of
code.

Since the biases for the F-111 data pcint are opposing, it is not
clear which would dominate any changes tc the fipnal relationship shown
in Figure 7-7.

Ir summary, both the F=-111 and B-S2 SPN/CEANS data points are taken as
is with the caveats about credibility abcve.
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7.2.2.5 Apalysis of Quality Data for Tifferent Verification Methods

-

As summarized in a previous section, Ster 2 in estimating the costs to
te assigned to the different verificaticn approaches requires that,
fcr each verificaticn arproach, the runber of architectural
discreparncies expected to remain after verification te estimated.
Ttis wculd then be arrlied to tte ccst versus architectural
discrepancies relationship obtained in the previous section.

The data which were collected for Step 2 arpeared previously in Tables
7-15, 7-16, and 7-20 and in Sectiom 7.3.1.2. They are summarized in
Takle 7-26.

Table 7-26. Architectural Discrerancies Data for Tifferent
Verificaticn Methods

tmcmm- - - - - - e = . e e e - P ™ - -

| | [ Tctal Projected

An examination of Table 7-26 indicates ttat there is irsufficient data
tc satisfactorily discrinminate between tte three verification methods.
While the data for the Puncticnal type certificaticn method appear to
te satisfactory, the =single data points of the Random type axmd
lcckster type verification methods dc not rrovide sufiicient
ccnfidence to permit their agplicaticn to the cost nodel.
Furthermore, the Series/1 data imply that the Lockstep type nethod is
¢t perfect quality. This contradicts intuition.

Fecause cf these deficiencies 1in the data, there is not sufficient
ccnfidence to permit distinction between the different verificatioxn
r=thods on the basis of quality. The estimation of the costs to be
assigned (Step 2) will not be fully ccrrleted and the normalization
methcdolcgy described previously will not Ye fully applied. This does
nct ccmrletely invalidate the results c¢f the cuality investigation,
tcwever. Scme analysis can be performed with the recognitiorn that
crly lirmited ccnfidence can be obtained in the results and the results

!

| Verification | Computer/Program | ECs Fournd | Brchitectural |
| Method | | | Liscrepancies |
l P —Bf P E PP BB PP F SRR PGP PSP S 5 554 I
| Functional | TC=2A/A-7 | 24 | 25 j
| Type l | | |
| | l | |
1 { CP-2A/F-111 | 9 | 9 !
| | | | |
| { Ap=-101C/ i 2¢€ | 27 |
| | B=-52D SPN/GEANS | | t
1 | | | |
| Fandcm Type | Syster/370 | uy | 68 |
| | Model | | |
| | | | |
! Lockstep Step | Series/1 | 0 { 0 i
D et ettt ———ecce—- +
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mrst be applied with «cauticn. This aralysis aprears pelow. The
reanirg of the 1nability to <cocmplete CStep 2, as wWell as the
ccnclusions to pe drawn from the data, are discussed in Section 7.°5.
3 discussicn of a priori expectations regarding quality appears in
Secticmn 7.4.6.

Even though it is not pcssible to distinguish Letween the different
verificaticn methods, it is possible to cbtain a rough estimate of the
ccst venalty associated with the use c¢f the Furctional approcach. Cf
tte ttree Furncticnal data points in Table 7-26, the F-111 data point
is eliminated (for the reascns discussed in the previous section).
Tte rrojected total number of architectural discrevancies is taken to
te the average of the B=-52 SPN/GEANS and A-7 data c¢cints (i.e., Z28).
Since these two data pcints are for ©pachines which are «roughly the
size of the nominal MIL=-S10-1750 machine, and since great precision is
nct expected for only twc data points, ccrralizaticn ty machine size
(83s descrikted in Appendix B) is not perfcrred.

Arplying 28 projected architectural discrerancies to Equation (7-1)
vields:

Ccllars

K Lines of Code

-154 + (320 * 28)

8,806

Ttis cost per K lines 0f <code is ther multiplied Ly the expected
rucber ¢f lines of operational code to te written over the lifetime of
¥11-STD-1750. The Air Force has estimated this to Le betwsep 313.2X
and SZ2K lines of operational code. The expected cost range is:

212.2K lines of code * 8,806 dollars/K lines of code

$2,75¢€,039

€22K lines of code * 8,806 dcllars/K lines cf code

34,596,732

Therefore, the expected «cost penalty that wculd be paid for having a
less-than-perfect verification method (in this case, the Functional
tyre) is between $2.8 and $4.6 million.

Further analysis can also be applied to the Syster/370 model data
gcint. Pecall, that this data point 1is contaminated in tkat both the
Randor and Functional approaches were applied. Therefore, one expects
ttat the resuilting quality would be higher than that cf the Furnctional
approach alone.

T"tis is shown to be the case after the data is normalized ty machine
size. Table 7-23 shows the distributicn of 1lcgic-related ECs,
nicrccode-related ECs, and main storage-related ECs. 7Talkle 7=-26 shows
ttat W4 ECs were found and that the —rrojected tctal number of

7-9
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architectural discrepancies 1is 68. The projected number of
lcgic-related architectural discrerancies tecones:

Prcjected Logic-Related (68,44) * (26 logic-related
Discrepancies ECs found)

= uo

Tte corresponding projected number of microcode-related and @main
storage-related architectural discrerancies are 22 and 6,
respectively.

Ncrmalizing by machine size (using the data from Table 7-26 ard the
rcripal machine size for MIL-STD-17%50), and wusing the wmethod in
Appendix B, one obtains:

Project Number of 29,894
Architectural = U400 ¥ ------- +
Discrepancies 274,000
611,201
22 % —emeemee- +
1,719,296
1,179, ¢€u8
6 %* - s me ew as em o .o
8,388,€08
= 13

This number suggests that the improvemerts to ke obtained by addirng
tte Randem approach to the Functional aprroach would rLe to decrease
tte expected number of architectural discrerancies frcr 28 to 13.

Tte arplication of these results appears in Section 7.5.
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7.4 CCMFARISON

In this section all twelve approaches are compared against the same
five guidelines used to evaluate each aprrcach, Non-Recurring Start-Up
Ccsts, Recurring Costs, Time Required to Perform Validation, amnd
Ipract to SEAFAC Resources. Tables 7=27 and 7-28 sumrarize the data
described previously. Ncte that the total size is the summation of
tte verificaticn program and whatever cther control G[programs or test
cases that are developed to suprort the verification process.
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Table 7-27. Corpariscn Summary

trr e —-- - - e et e, —--—- L L L LT ——e——— ————ememee-- crcccee—— +
| | Total | Verificaticn | Total Cost COver 10 ]
| Approach | Size | Time | Years (K Dollars) |
i | BN/BAYK-15A ATP |} ] | |
| Manual | 96K | 48 min ] 462.4 i
| l | | |
| Master/Slave | 104K | 11 mint I €17 |
l { | 21 mine i i
| | l | i
i Random i | i i
i Manual | 162K | 86 hrs, S0 min | S€2.8- i
| | { | 682.8=- 1
} Master/Slave | 170K | 6 hrs, 12 mint | 1133.8~ !
| I | 7 hrs, 1% min2 | €€3. 8=~ i
| | | i |
| AVP | | ] i
] Manual } 2F | 15 hrs, 2 min | 1210. 4 |
| | | | |
| Master/Slave | 28 | 13 pint } 13¢€7.4 |
| | { 22 min2 | i
| I | | I
{ Tiagnostic i | i ]
{ Manual I 96K | 48 min | 7354 ]
| | | i |
{ Mastery/Slave | 104K | 12 mint { £S80.0 |
| | | 22 min? ] |
| FTIP | | l i
| Manual | 96K | 48 min | be2.4% i
| | | | 1C8E. . 4=*x% {
] Master/Slave | 104K | 10 mint | €17.0% |
\ | | 11 min2 | 1240, 0%= |
8 ! | ] | |
| Lockstep i | | |
| Manual i 1. 1M} 7 hrs, 40 min |} €47.0 |
| | | | €75 . O%xx 1
| | ] | ]
i Master/Slave | 6UK+ | 17 min? i 1€50. 1+ }
{ | 6UR++| 30 mine | 12U 4++ ]
i | 1.1M} i CCT.1+++ (
e bttt ittt i bbbkttt bbbl uindaiaintad {
| * Mcdify Existing FTP - ¥Write New Sirulator I
| o** Wrice New FTP -- Modify Existing Simulator |
] *** With Software Trace |
| + With "Golden" Computer I
| ++ With Simulator |
| +++ With Predetermined Results j
{1 Based on MIL-STD-1553 Transfer Fate of 30K words/second |
| 2 Based on RS 232 Transfer Rate cf 3K words/seccnd |
R bR R e R ittt +

:
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Table 7-28. Cost Ccmparison

e e T et ettt T S PP P +
l | | . | Tctal | | f
i i | Recurring | Recurring | I i
| | | Cost/Com- | Cost Over | Total Cost Over | |
| | NRSU | puter | 10 Years ] 10 VYears | '
| Approach i (K 9) | (K Dcllars) | (K Dollars) | (K Dollars) i

I
|
|
|
|
|
|
|
]
|
|
|
|
1
|
|
|
|
|
|
|
|
|
]
|
]
|
|
|
I
|
|
]
]
|
|
|
|
|
I
1]
’
)
|
|
)
i
|
]
|
\
|
\
]
]
\
A
t
|
]
|
|
|
|
]
|
|
\
|
\

i - 2>+ > =+ - - - - - R A F - 2 R+ B P22 3 P 2 3 5

AN/AYR-15A ATP

! { | ( | |
| Manual | 259 i 6.78 | 203.4 | 462.4 |
| | | | | | ¢
| Master/Slave | 392 | 7.5 { 225.0 | 617.0 | P
! | | ! | i :
| Random I | | | |
| Manual i 799- | c.u6 | 163.8 i 962.8- |
| | 519~-~= | | | 682.8=-~ ]
! | | | | I
| Master/Slave | 952- | 6.06 | 181.8 { 1133.8~ | ]
i | 672=-= 1 1 | 853. 8=~ | i
| | | | | | i
| AVP | | | | | ]
| Manual | 833 | 12.58 ( 377.4 | 1210. 4 i !
! | | | ] i
] Masters/Slave | 966 | 14.38 { u31.4 | 1337.4 {
| | | | | !
| Tiagnostic i | i | |
| Manual | 532 | 6.78 { z03.4 | 735.4 {
| | | | | }
| Master/Slave | 665 | 7.8 | 225.0 | 89C.0 l
| i | | | |
| FTP i | i i |
| Manual | 259% | 6.78 | 203. 4 | 462.4% |
| | 882%% | | | 10885. 4*x |
| | | | | l
i Master/Slave | 392% | 7.5 { 225%.0 | 617.0% i
] | 1015** | 1 i 12480.0%* i
| | | ] | t
| lockstep | | | | i
1 Manual | 4us8 | 13.30 { 399.0 i 847.0 [
| i U76%*%x | | | 875.0%%x% |
| | | | | [
| Master/Slave | 1207+ | 14.77 i 443. 1 { 1650. 1+ i
| | 9u43++ | 10.08 { 302.4 { 1245.4++ |
| | 602+++| 13.17 | 395. 1 | 997.1+++ |
| l | | | |
| | | | i |
| m e e e e r e e e e e e e e e e e e e e e e A e e e e e e e e e e e ——- - |
| NCTES: EHEFER TO TABLE 7-27. |
IR T Y L bl bl +
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7.4.1 3Test Copfigurations

A given verification aprroact car €eliminate certeirn Test
Ccnfigurations from consideration. A 1liriting factor surrounding tke
ranual test configuraticn is the size of the verification progran,
because under the manual test configuration, program loading and
starting requires manual intervention. Therefore, the larger the size
of the verification program, the mcre serarate lcads it requires. The
fcllcwing verification approaches can be ruled out because of having a
greater than practical amcunt of manual intervention:

Section Approach
7.3.1 AVP ir a Manual Test Ccnfiguratior
7.3.5 Lockster in a Manuval Test Ccnfiguratior
7.3.7 Random Instruction in a Manual Test Ccnfiguration

This leaves verificaticn rrograms developed based on FT1P, Diagnostic,
and AN/RYK-15A approaches which are feasible under a manual test
configuration, and which are very similar ip design and furctiomn. Tbe
nrajor advantage (to the vendor) of a verificaticn rrcgram running
urder a Manual Test Configuration is that it easily allows the vendor
tc "pre-test" the computer before bringing his wurnit in for
certification (the source code for the verification rrogram will be
raéde available to nim pricr to certificaticrn).

R11 aprroaches are feasitle to orerate under the Master/Slave Test
Ccrnfiguration. The disadvantages though is some difficulty (to tke
vendor) cf Ypre-testing®™ when the vendcr doesn't hLave the Master/Slave
ccnfiguration, including the I/0 interface.

-

7.4.2 Nep~hecurring Start-Ur Costs

Tte difference between the lowest Ncn-Recurring Start-Up cost for
develcring a verification program (AN/AYR-1SA or FIP arproaches in a
¥anual Test Cornfiguration at £259,CC0) ard the mcst expersive approach
(Lcckster in  a Master/Slave envircrment with a "colden"™ corputer at
$1,207,000) is $948,000. The key issue <surrounding the cost of the
FTP approach in a Manual Test Configuraticr is that the 3.7 man year
figure is kased on modifying an existing FTE. Currently, there does
rct exist an FTP for the MIL-STD-17%50, but cre will exist it the July,
1€80 time frame. The AN/AYR=-15a 2ATE currently exists with
documentation supporting its design and uvce.

B second factor to be <considered is the line item for kKI1-STD-1750
cimulators included in the Lockstep and Fandcm Instruction approaches.
If an existimg MIL-STD-1750 simulater «cculéd be irstalled and modified

e
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tc run in conjunction with the verificaticr program, then the € man
years development figure could be cut tc a 2 man year modification
cost.

Certain recurring costs are the same fcr all approaches. They are the
tcctstrar and control programs for a Master/Slave Test Configuration,
and the source tape generation program (which may be just a system
utility for the Manual Test Configuraticn). The cost ¢t the Master
ccopruter, and MIL=-STD=1750 support software are considered to ke zero.

i.4.3 Fecurring Cost

Kecurring costs are directly propcrtioral to the time required to
ccmrlete the verificaticn process. Therefcre, frcm Takle 7-27, it is
readily cbservable that only one agproach distircguishes itself
significantly enough to be ruled unfeasible for implementaticn. The
Random Instruction in a Manual Test Ccrfiguration requires 11 work
cays of manual intervention to accumulate the executicn of 1,250,000
randomly generated test cases.

Tlte recurring cost fiqures are calculated assuming that no errors are
found in the wunit under test. If any errcrs are found, +this figure
wculd increase proporticrally. 1In all the remaining cases, therefore,
the recurring figures are all within a one week time frawme.

Tte second ccmponent of recurring cost is the scftwares/hardware
raintenance cost associated with each aprroach. The Lcckstep approach
with the "golden" <comruter distinguishes itself as teing the only
approach which bas hardware maintenance cost. Software mainterance
ccsts are proportional to the size cf the verificaticn prograasm.

7.4.4 Time Required to Ferform Validaticn

Tte time required to perform verificaticn has been defined to be the
time tetween when the verificationm ©prcgram is iritially 1loaded into
tte unit under test, and when it successfully completes execution (no
errors found). As can be seen frcm Table 7-27, c¢nly cne approach's
execution time is large enocugh to immediately eliminate it from
frrther consideration, that is the Random Instructiorn apgroach in a
Manual Test Configuration. All other artrrrcaches fall well within a
cpe week test period time franme.
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= 7.4.% Imppact to SEAFAC Resources

—

Tte tasic resources that are common to all approaches and test
ccrfigurations are the fcllowing:

| o Development Ccpputer
' L) Support Software

- MIL-STD=-1750 Crocss Assenktler

- Linking Llcader
; - Simulator
. Develorment Personnel
L Certification Facility
. Certification Plan Document
o Certification Eersonnel
. Source Tape Dump Progran

Tte resources which apply to the Master/Slave Test Configuration are:

. Bootstrap Load Progranm
. Control Program on Master
. 1/0 Test Progran

The Lockstep approach reguires the "golden" computer tc be purchased,
verified and maintained which adds apprecialtle ccst.

7-100




€17617¢S4 FINAL FEPCFT Fektruary z9, 1980

7.4.6 Cuality Expectaticns for Lifferert Verificaticn Fetkhods

while tte foregycing gquality analysis tas rot resultedé in sufficient
ccnfildence to discriminate between tte verificaticn methods on the
tasis of quality, some judgements can Le made about the expected
differences.

First of all, it is likely that there are nct significant differences
ir quality tetween the Functicnal arpgrcach ard the Lcckstep approace.
Fach of these relies on manually gererated test cases. Assupilng equal
atility apd 1asight of the rtecrle writirg the test cacses, trere wculd
te nc differences in the quality of the test cases.

Tte two approaches do differ in the method of generatinc¢ the expected
results. In the Puncticnal approach they are generated marnuaily arnd
ir the Lcckstep approach they are generated by the "golden" machine.
Since the expected results are the same in tcth cases, there should be
nc impact on quality.

Tte two approaches may also differ in terms o¢f the checking of
architectural entities (e.g., registers, indicatcrs) wnich should
revrain unchanged by a test. It 1is relatively easy for the prograzmer
tsing the Lockstep approach to check all thke status infcrmation and
all the general registers and all the address recisters for arny
urdesired changes. 7To do this, he needs tc keep track of the conteants
of tlese registers. To accomplish the same <checks using the
Functional approach requires that the prcgrammer maintain the expected
information. To the degree that the prcgrarmer using the Furcticnal
rethod does not check all of +tle architectural entities for 1lack of
ctange, the Lockstep method may cffer a slightly kigher gquality.
Bowever, the differemces would nct be exrected to be significant.

Hcwever, a comparison Dbetween the Random aprroach and either the
lcckstep approach or the Functicnal agpproach does reveal an expected

difference 1in quality. First, consider a siaple hyrothesis: the
guality cf an approach is a functicn of toth the number of test cases
and the "value" of those test cases. This appears to agree with

irtuition. Each additicral test case provides scme improvement in the
quality of the verification method (asstming it is not  merely a copy
cf a previous test case).

Scme test cases may be more valuatle than others for improving the
quality of a verification approach. It would ke expected tkhat a
ccllection of one hundred carefully thought-out test cases would be a
tetter check of a machine than one hundred randexly chosen test cases
(vbtich may not, for instance, even check all addressir¢ modes or even
tte ADL iastruction). For this reason the Punctiopnal type of
verification approach would be expected to te of higher quality than
the Random approach for the same numter cf test cases.

Tte ccmparison does not end here, however, since the rumber of test
cases must be taken into consideration. Since the test cases for the
Functional type of verification approach rmust be generated manually,

7-101
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tte cost «cf generating each additional test case is =significant. 2
dcukling of the pnumber cf test cases %would result in a near doubling
ct the cost. For the Random approack, however, in which the test
cases are automatically generated, the «cost <c¢f <cenerating each
additional test case is very small. A doutling of the number of test
cases would result in only a small increase in tctal ccst.

The result is that it is not <clear which approach would provide tkLe
greater quality test. The answer will clearly be a function of the
duration of the test. Given the cprortunity to run 1lc¢ng enough, tke
Random test will surpass the PFuncticnal test in terms of quality
(since the Functional test is fixed in terms of the number of test
cases). The break-even roint in terms of time is not known, however.

Ar anecdote regarding the ccmpariscn c¢f the Functicoral and Bandon
arproaches may be of interest. Two different machines were developed
ry the IBM System Products Divisicn at Fouctkeepsie, K.Y. Tke first
rachine was developed using a Functional tyre of test. LA Rarndéom type
test was tben applied, and some additional architectural discrepancies
were discovered. The second machine was developed using the Ekandon
type of test. A Functional test was tlen arplied, and no additioral
architectural discrepancies were found. Tlkis suggests that the EKandon
test is of higher quality.

C e e
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7.5 INTZHERETATION OF CCST MCDEL RESULTS !

Since the guality analysis was unable tc provide a credikle cost
tenalty zrigure (due to less-than-perfect ouality) fcr cach of tre
verificaticn approaches, these costs cannot be considered in the cost
mcdel. This does not, however, reduce either the reality c¢r the
significance of these costs. Neither is the guality analysis
ccmrleted invalidated.

Icnorina, <rfor the aoment, the cost zeralty of having a less tkh
terfect verirication arprgroach, cne is 1left with the <conciusion th
tte lowest «cost verification methcd (as <chcwn in Takle 7-28) is t
test one. This 1s sircly Dbecause there 1is no firm data to
differentiate Dbetween the methcds 1ir terms <cf cuality. The
rcdification of the AN/AYK-1%5A Acceptance Test Procedure (ATE) is the
lowest cost and, therefore, the best methcd (in the absence of gquality
considerations). The previous ccmments atout the availability of an
TTP elimipate the PTP approach, which has the same cost of
ncdification of the AN/AYK-15F ATP arpprcach.

Tte quality analysis dces vrprovide valuatle insight into the cost
reralties associatad with this methcd, hcwever.

Tre AN/AVK-15A4 ATP is of the Functioral <ceneric type, as discussed
rrevicusly. 4as described in Secticn 7.3.2.% sufficiert data do exist
tc rrovide a rough cost estimate (due tc less than perfect guality) of
tke Functicnal type of verificatior method.

Tte results of that section indicate that the exrected cost penalty
that would be paid for having a less-than-rerfect verificatics zethcd
(in this case, the Functional type) is between $2.8 and $4.6 million.

This 1s a significant cost. Obviously, if it were rossible to
significantly improve the quality of the overall test at a cost
significantly less than the $2.8 to $4.€ wrillion range, this would be
very desirable. The data gathered =strcngly suggest that the Randon
aprrcach to architectural verificaticn 1is the best method of
augmenting the gquality of the AN/AYK-1SA ATC approach.

Ttree reascns apply. Pirst, the Randot approach provides an extremely
large number of test cases, many times the number of tes: cases of the
AN/AYRK-~-15A ATP approach. Each new test <case rfprovides a rositive
increment to the overall gquality.

Second, the test cases generated under the Randcn approacn are
exgected to be independent of (i.e., nct related to) the test cases
used in the AN/BAYK~15A ATP approach. Ttis is simply tecause in tae
Fandcm approach they are generated randcrly ard in the AN/AYK-15A AT?

approach they are generated manually. The other verification methods
examined in this study also have @gmanually generated ctest cases. They
wculd, therefore, be expected to ke less inderendent. This

irderendence is required in order to ottair improvements in gquality.
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Third, the Randcm approach trovides, ty far, the largest rnunber cf
test cases per dcllar exrendecd.

The two methods added together shculd, therefore, imrrcve the total
quality. The anecdote in the previcus section implies that the Rarndon
arrroach oiffers a higher quality. Furthermore, testing at SEAFAC
should permit a kandom test of 1long duration, =s=ince overnight andé
weckend testing is possitle. About 28.8 rillion test cases should be
rcesitle 1n a week long verification test.

The cost of implemernting the Random certification mettod, as shown in
Takle 7-28, 1s well below the $2.8 +to $4.6 millicn 1range discussed
atove. Ii the overall quality of the test were imrroved by 22 percent
ty the addition of the Random approach, then the reducticn of the cost

renalty by $022,000 = ($1,239,00C - €17,000) (22 rfpercent of $2.8
rillion) would offset the cost cf icplementing the Randcm verificaticn
rethcd. It seexs reascnable to expect that the additicn of 28.¢

rillion test cases to the approximately five thousand test cases in

the AN/AYK-154 ATP method would result in a guality igproverent of 22

percent. ($1,239,000 1is the total cost for the 1IEM recommendat.or

which will be discussed later.) While tte data gathered in this study
| cannot definitively ©prove it to be the <case, it appears that
investment in the <contination Functional/Fandom approach will tLe
€3cily recovered.

As was mentioped [previously, cauticr must be wused when drawinc
ccnclusions based on the $2.8 million to $4.6 millior cost penalty.
However, there 1s good reascn to kelieve that any errcrs will be on
tte side cf conservatisr. This is because the actual cost penalty to
the Air Force is likely to be =substantially higher +than the $2.8
rilliecr stated. If this is the case, tten the justification for
ac¢éing the Randcro approach is further reinfcrced.

Ccnsider again the quality analysis. The cost penalties measured were
for the carrection of architectural discrepancies discovered during
Crerational Flight Program validation. 1The costs here are limited by
tte fact that, since this is still in the development phase, changes
¢rly need to be made to the develcprernt hardware cr software, not to
rany rnachines in the field. Put, Just as =some architectural
discrerancies escape detection during archtitecture verification, some
archite %ural discrepancies will escape detecticn during software
validation. Experience <chows that, even after years of operational
vse, additicnal architectural discrepancies can be Jliscovered. This
cculd te for many reascns; previcusly untried 3data ccrbinaticrns are
certainly cne fpossible cause.

Ccrrection of architectural discrepancies which are discovered after
orerational use of the hardware and =software bas tegun cam cost
seversl order of mpagnitude more than ccrrection c¢f those same
architectural discrepancies caught durirg the development phase of a
trcgram. TIhis 1s simply due to the tremendous 1lcgistics involved in
ctancing many ccmputers which are in the field. Experience shows that
ttese costs cculd easily overshadow the $2.8 to $4.6 nillion estimate
rade above. This further emphasizes the wvalue of improving the
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quality of the verification test to reduce the large cost penalties
wkich result from havirg - ~s-then-perfect verificatior.

Naturally, the gquestio® .  be asked: If the Bandom approach is of
higher gquality, why not climinate the Furcticnal approach? The answer
is twc-fold. First, the combination of the approactes [prcvides an
even higher gquality. Second, and perhars the more isportant to the
Rir Force, the Functional approach provides a certain minimum test of
the machine. The Random aprroach, while providing perhaps a higher
decree of quality of test, cannot provide any =mirimum degree of
testing. For example, it is thecretically fossible that, after a
rillicn test cases, that the ADD instruction would remain untested.
While this is highly unlikely, the akility tc provide a specific level
of testing must be of considerable isportance to the Air Force.

Ancther question may be acsked as tc why this combination
Functional/Random approach has not been arrlied tc avicnics machines
in the rpast. The answer is based on sirple econcmics: for sirngle
arrlications of a computer architecture, the test investment must be
recovered in that single application; multiple use arclkitectures liike
MIL-STD-1750 can recover the test investment over those wmultiple
arplications. Effectively, there are eccnchnies of scale in applyirng
tte test over and over again.

The quality analysis in this report provides some benefits to the Air
Force in addition to helping select the rest verification approach.
It should assist the Air PForce in develcring realistic expectations
reqgarding the certification process and the use c¢f MNIL-STD=-1750
machines. The collected data show that the verification method will
nct be perfect. Machines will be certified that hLave hLidden
architectural discrepancies. Previously validated software will nct
always execute correctly cn newly certified machines.

Fcr the users of MIL-STD-1750 machines, it provides a conceptual
framework for the error discovery prccess during Orerational Flight
Program validation. OUnderstanding of these results shculd percit pore
accurate budgeting and =scheduling for prrcgrams that vuvse MIL-STD-1750
computers.

In summary, the cost model has rrovided valuatle data fer
discrimirating between the different verification afprroaches. The
quality analysis, while unable to provide high confidence in the
specific dcllar penalties to be assessed each verificationm approach,
has provided an estimate of the penalty tc be paid for the use of a
single verification test (in this case Functional) approach. This
information, combined with the cost data, rrovide the basis for the
recomsrendation of a combined Functicnal/Eandom approach.

This recommendation will be discussed in detail in the followipg
section.
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8.0 BRYCCMMENDATION

' This section contains IBM's recommendation to the Air Force for

imrlementing the MIL-STD-1750 certificaticn capability in SEAFAC. It

consists of a descripticn of the apprcach, and the raticnale leading

tc 1its selection. A summary of the resources required is also

i covered. As a conclusion, an outline for tke MIL-STD-17%50

J Certification Test Plan which describes the chain of events leading up
tc vendor certification is presented.

€E.1 TWO LEVEL APPROACH

€.1.1 Description

IEM recommends a two phase approach to certificaticn as foliowus:

Phase 1 A deterministic verification aprrcach Lased on
modifications to the AN/AYK-15A ATE is rucn cn the
MIL-STD-1750 computer being tested. (These

modifications delete the non-MIL-SIL-1750 features
from this ATP.) This provides a predefined
minipum test of the machine using 5,000 test
cases. This first phase tests tlke integrity of
each MIL-STD-17%0 instruction for selected data
patterns and addressing modes as descriked in the
Military Standard Airrcrne Ccmputer Instruction
Set Architecture document and tests the boundary
problem areas in the MIL-STD-1750 architecture.

Phase 2 After completion of Fhase 1, a Randcm verification
approach is used tc generate large numkers of test
cases. The second phase of testirg verifies that
large number of instruction sequences execute
according to their intended functicn. A test case
contains an instruction which is first rtun on a

t MIL-STD-1750 simulator and ther run on the

i MIL=-STD=1750 computer being tested. The simulatcr

' results are ccapared with the results from the

MIL=-STD=1750 computer teing tested. 28,800,000

test cases should Le rossible during a week lorg

verification test.

Both phases of testing would te copducted under a Master/Slave Test
Configuration. The MIL-STD-1%S3 Serial Channel 1I/C interface is
recommended as being the standard to which each vendor sbould target
his certification configuration; tut a wultiple interface capability
ie recomsended == MIL-STD-1553 or PBS=-222. Ramifications of using a

8=1
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RS-232 Serial Channel I/0 interface are ideptified in Section 7.

'] . . . 2 s g .
} Tlis provides a superior means to accorrlish the certification process
: tecause:

1. The 2-pbase process (with Random as the second phase)
provides a higher gquality than any single verification
approach.

2. The 2-phase process provides a minimum testipng level.

The recommended approach for arriving at a verification program that

; fulfills the requirements of +the £first rhase cf testing, is

i accomplished by the rodification of <thke AN/AYK-152 ATP. The
reccmpended approach for arriving at a verificatiopn program that
satisfies the requirements of the second phase of testing is the
development of a Randcm Instruction Generatcr Prcgram, and the
rcdification of the existing MIL=-STD-1750 simulator tc interface with
a contrcl program that compares the results.

; Tte verification testing can be achieved in less thar two weeks of
: tire.

8.1.2 PRationale

Tte raticnale for selection of a two level approach tc architectural
verificaticn was discussed in detail ir Section 7. This ratiomale is
surmarized bhere.

The cost model shows that the lowest cest arrroach is the modification
cf the existing AN/AYK-15FA Acceptance Test Program. This wmethod,
tten, constitutes the first 1level of verification for MIL-STD-1750
rachines.

The guality analysis shows that use of this single metlod results in a
cost renalty to the Air Force of tetween $2.8 and $4.€ million. This
penalty is the additional software validation costs +that is incurred
over the lifetime of MIL-STD=-1750 because of the less~-than-perfect
cuality of the AN/AYK-152 ATP. The mnmagnitude cf this ccst suggests
ttat use of an additional method of verification testing to improve
tre overall quality could substantially reduce the overall cost and at
tte same tige provide SEAFAC with a Fetter test.

The data gathered strengly suggest ttat the Randcnr approach to
architectural verification is the best method of augmenting the
guality of the AN/AYK~15A ATP. Three reasons apply. First, the
Randce approach provides an extremely large rumber of test cases, pany
tires tte pumber of tezt cases of the AN/AYR-15A ATP. Each new test
case provides a positive increment to the overall gquality.
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Second, the test cases generated under the PRandcr approach are
exrected to be independent of (i.e€., nct related to) the test cases
used in the AN/AYK-15A ATP. This 1is sirply Lecause in the Randon
approach they are generated randomly and in the AN/AYK=-15A ATP
arproach they are generated manually. The other verification methods
examined in this study also have manually generated test cases. They
wculd, therefore, be expected to te 1less inderendent. This
independence is required in crder to ottain improvements in quality.

Third, the BRandcm approach —trrovides, ty far, the larcest npumber of
test cases per dollar. It is reascnable tc expect that the additioral
cost cf the Randcm approach ($622,000) is offset by a reduction in the
ccst penalty due to the improvement ir quality. This requires an
izprovement in guality of 22 percent. It seems reascrable tc expect
that increasing the number of test cases from 5,000 to 28,800,000
wculd provide, at least, a 22 percent imrrovement in quality, although
ttere is no firm data to support this.

Ccomments about the two level apprcach with regards tc the evaluation
criteria follow.

QUALITY
The two level approach affords a higher degree cf quality than aLy
single apgroach. The two levels are ccmplementary din that tae
AN/AYR-15A ATP approach ¢provides a predetermined minigum test of all
instructions (but not a large number of test cases) and the Random
arrroach provides a large number of test cases (but dces not provide
any certainty for testing all instructions). '

The test cases from Random are expected +to be independent from the
test cases dJenerated by the ATP, That is simply because in Random
ttey are generated randcmly and in the AN/AYK=-152 ATP they are
generated manuaily. This independence is required for an improvement
ir quality.

The quality of the certification aprroach can be increased by allowing
tte Random instruction verification pregram to run for lcnger periods
cf time. Under the Master/Slave Test Configuration, the FKandonm
instruction verification prrogram can be 1left to run unattended during
off hours (on second and third shifts or over the weekend).

cest

The Won-Recurring Stargt~0p cost for irplementaticn of +the IBM
recommendation within a year and a half is $933,000; the EKecurring
cost for 30 computers over 110 years is $206,000; the total cost is
thus $1,239,000 for the isplementation of the reccmmendation.

The AN/AYK-15A ATP approach was shcwn ty ¢the cost @gmcdel to be the
lcwest cost apgroach. Addition of the Fandcm approach will increase
tke cost to SEAFAC, but should result in ar overall ccst reduction to
the Air Porce because of the increase in quality.




61761751 FINAL REPCRT Fekrvary 29, 1980

TEST CONFIGURATICR

The Master/Slave Test Configuration is reccrmended. 1The Master/Slave
Test Confiquration provides tlke conly feasitle environmert in which the
Random Ipstruction Verificaticn aprrcach exists. However, the
AN/AYK-1524 ATP approach runs under either a Manual or Master/Slave
Test Configuration.

The AN/AYK-15A TP approach will yield a verificaticn program of which
each vendor could utilize portions to gretest his MII-STD-1750 prior
to certification provided that the scurce rrogram be made available to
tke vendor. This availability will decrease the likelihood of finding
"first order" errors in the unit under test. Additionally, the Randonm
verification approach's Generator Program and Simulatcr Program could
also be used by the vendecr to furtler pretest his MIL-STD-1750
ccmputer prior to the certification process in order to increase
confidence in passing the certificaticn rrocess.

INPACT 10 SEAEAC

SEARPAC's VaX 11,780 can be used as the Master ccmruter for the
certification process. Suppcrt software would be available on it for

develcrmental and maintenance activities. SEAFAC personnel (an
oktserver, & technician and a coordinator) is needed during the
certification process. One programmer is "needed tc¢ sustain the

Acceptance Test Program and the Randcr fprecgrams; alsc, five software
Trogrammwers are required to develop the PFandom program (within one
year) unless this is sutcontracted outside of SEAFAC. If the major
software components resident on the Master Computer (Sirulator, Randon
Instruction Generator) are written in ar BHBCL, the verdor is acle to
irstall them on a computer system other than the VAX 117/80, thus
facilitatiug pretesting at the vendor's facility.

VERIFICATICK TEST TIME

Tte certification process takes 1less than two weeks for a 500 KOP
ccmputer using a MIL-STI-1553 channel tc a VAY 11/780. (It takes 7
£full days; but two weeks should be allocated for the certification
rfrocess.) If a 150 £EROP computer (not a 500 KOF computer) is
csukmitted, the time for certification expards less than 10 percent

frer 7 to 7.7 days), btut rerains less than two weeks. I1f a 500 KOP
ccmouter is submitted with an RS-232 interface, the time for the
certification process exgands 17 percent (frcm 7 full days tc 8.2 full
days) if concurrent overlapped CPU and I/C processing is not permitted
in the VAX 11/780; but remains less than 4{wo ueeks. If concurrent
cverlapped CPU and 1/0 processing is permitted, the CPU processing
£till dominates and completed hides the I/0 transfer. In this case,
tte RS-232 channel would have nc discernable impact to the time
required for the certification process.
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IEST I1/0 INTERFACE

With the MIL-STD-1553 Serial Channel interface rfrlanred for the VAX
11,780, it should be used in the Master computer rcle during the
ccnduction of the certification ©process to connect tc the computer
teing tested. (Since the MIL-STD=-1750 Serial 1I,/0 Channel already
exists on the PDP 11/55, the EDP 11/55 cculd bridge the time until the
VAX 117780 system with its MIL-STD-15S2 I/0 channel is available.)
The MIL-STD-1553 Serial Channel requirement is considered to have the
least impact on the vendor's hardware ccpfiguraticn since 1t is
exrected that from 90 to 95 percent of of the ccmputers being
subtmitted for «certification will contain a MIL-STC-1553 charnel.
Bcwever, an RS~232 serial channel 1is also recommended for those
ccpputers without the MIL-STD-15%53 channel.

Farenthetically, any parallel <channel with a transfer rate of
approximately 1 mega words per seccnd is rejected because it speeds up
verification about 2 percent frcm 7 tc 6.87 days and is not a
signiticant improvement. That is, the verification process is not I/0
tound, but is CPU bound ty the VAX 11/780.
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€.2 IMPLEMENTATION CONSIDERATIONS

Tte following section outlines the wmajor items surrounding the
izrlermentation of the tvwec level certificaticn process.

€.2.1 Phase 1 - AN/AYK-15A ATP Modification

This Rcceptance Test Plan (ATP) for the AN/AYK-15F ccnsists of the
fcllcvwing subtests:

. Userts Console

° Instruction Set

. Register

. Main Storage

. Eus Controller

. Irput/Output

. Power ON/OFF Sequencing

An ATP resident on the AN/AYK-152 1is executed according to procedures
described in Air Force document, PA 401 207, in which a user interacts
vith the console keyboard. Each sulktest may require a separate
processor load. A standalone test is one in whick only the processor
ard an attached console (keyboard and CRT display) are reguired in
crder to run the ATP. The Bus Ccntrcller Test is nct a standalone
test in that it requires a configuration which includes the processor
under test and at least one other Master/Remote device interfaced via
a multiplex bus. Also, various tests reguire use of external test
€eguirrent (e.g., logic analyzers, oscillcscopes, etc.) and/or special
Furprose lInput/Output exercisers.

In order to develop a verification rrogram tc fulfill the requirements
cf tte first rhase of testing, modifications to bcth the control
rrcgram and subtests of the AN/AYR-152 Acceptance Test Plan are
necessary. These modifications are surmparized in Table 8-1.




T g

€176175A

Taple 8~-1.

_‘-.l!IIIlII!lH!II!IIIIIIIIIIIIIIIII.'

FINAL REPCRI

Fetruary 29, 1980

MIL-STD-1750 Applicakility of ATP Suktests

dem e ettt e s e e e e ccrcercrr e crc e e m e e e — et e ———————— ,——e————-4
{ AN/AYR=-15A l ( MIL-STC-1750 !
| Subtest | Purpose } Applicability ]
Keytoard/CRT |Test all keyboard/CRT Leleted for MIL-STD-1750 |

User Command

Floppy Disc/
Printer

|keystrokes.
}Print all keystrokes cn
|CRT (keyboard and CRT in
{Local mode).

| Verify correct execution
jof all user ccmpands.
|Exercise all defined
juser commands.

|Verify proper operation;
|respcunse to user
Jcommands.

|"Wrap" processor main
|storage frcm flcrpy disk
|to printer via user
|commands.

{ Deleted fcr MIL-STD=-1750
Verification

l
|
|
|
|
| Deleted for MIL-STID=-1750 |
} Verificaticn i
| |
!
!
|
}

|
|
|
I

|Easic Instruction|Test Basic Instructicr

{ (done for each
instruction)

|Operation.

lknown input parameters

| Modify for MIL-STID-1750
| Verification as

J]and ccmpare with exrected|

jresults.

|
{
|Exercise Instruction with| necessary {
|
]
|

.---_——-—---—--——-----——-———~-——Q-_—---—-----—_-—--——-------——--——---—-I

| Atittmetic
jInstruction Test

jCondition Status
| (done for each
application)

|
|
|
|
!
+

|Test all arithmetic
jinstructions and status.
|Exercise all arithmetic
jinstructions using
|selected values in the 4
|quadrants; check condi-
|tion status setting.

- D . wP D D R n D D S =S D D S D D D T W, D WD W D D D S D - D D R D - W A - - - —— - s

|Verify setting of tte
{status word for each
linstruction.

jinstruction to set all
|required ccmbinations of

Modify for MIL-STD=-1750
Verification as
necessary

| Modify fcr MIL-SID=1750
| Verification as
| necessary

|
|
l
jCause result of exercised] |
|
|
|

|statas bits.
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Table 8-1. HMIL-STD=-1750 BApplicability of ATP Subtests (cont)

o e e e S - - —————— -~ ———- - - P T Ty ppry

| AN/AYR-15A | | MI1-STD=-1750 |
| Subtest | Purpose 1 Applicakbility |
l t 2 2 2 X 2+ 2 I 3 2 3 F 22+ 2 2 2 3 F 1 4 - F F F 2+ 2 2 2 R 2 B R X4+ 3 3t F >+ 3 F F 22t 1+ 2 4+t 5 ‘
|Indexed |Test those instructions Modify for MIL-STD-1750

! l
|Addressing jusing index capability. | Verification as |
| (done for each |Use 15 index reqgisters; | necessary [
{ aprlicable {positive and negative | ]
| instruction) |indexing. | |

jCverflowy/ |Test those instructions | Modify fcr MIL-STD=-1750 |
|Underflow jwvhich cause underflowy | Verification as |
| (done for each Joverflow; verify under- | necessary i
| instruction) |flovw/overflovw interrugpts.|] {
| jInduce underflovw/overflow| I
i Jresultant. | i
------------------------------------------------------ L T . ‘
|Benchmark | Measure processor | Deleted for MIL-STD-1750 |
| | throughput. | Verification |
| {Use benchmark arithmetic | |
| jand logic instructions | |
| |mixes and measure average| |
! |processor throughput. | l
- N N SR e EP U SR G G P SR ES I SR ED UE SR AR A S TR ED G G eGP SP G SN GD A0 EP s G5 AP G5 GF 6P G5 E e Y Y R R N L L L L L ‘
|Bang Test |Check for illegal | Deleted for MIL-STD-1750 |
| | sequences cf | Verification {
| {instructions. | |
| | Use random sequence of | |
] |instructions and test | |
| {for invalid indicatcers. | |
[====m=reeecccnnce- e e ittt bttt |
]Illegal |Check fault register | Modify fcr MIL-STD-1750 |
{Instruction |setting, machine errcr | Verification as i
[ jinterrupt, clear fault | necessary |
I |register ocutrut command. | |
| | Execute illegal instruc- | |
1 Jtion and test for ] |
| |lexpected response. i ]
| |
| ]
| |
| |
| I
| |

General Register [Testatility to address | Modify fcr MIL-STD-1750
jand set/reset all 16 | Verification as
|general registers. | necessary
|Wrap known patterns frorm |

i

| processor main storage.
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Table 8-1. MIL-STD-1750 Applicability of ATP Subtests (cont)

| S SRR — e .

vi ! AN/AYR-15A | | MIL-STD-1750 |
! | Subtest | Purpose ] Applicability |
: IEEEEEELELE LI IR B bt P e e e S e e e e S |
' |BECH Contrcl |ITestability to address Deleted for MIL-SID-1750

|
‘ |Fegisters {and set/reset all 16 ECM | Verification
I | |contrcl registers; verify|
| land reset the test tkit, |
| |compare register and |
| |store register input ard |
\ joutput commands. i
! | Wrap known data patterns |
| |from the processor |
1 lgeneral registers via |
! {input and ocutput |
| |

jinstructions.
| e e e e e e e e e e e e e e e e e e e e e m e e e—— e e - ——— e |
| ECM General | Testability to address Deleted fcr MIL-STD-17%50
|Registers {and set/reset all 16 ECH Verification

| |general registers.

! |Wrap kncwn data ratterns
| | from the processcr

| jgeneral registers via

| Iinput and output

| {instructions.

|Status Register |Testatility to set/reset
|the status register.

Modify fcr MIL-STC-1750
Verificaticn as

| J

| |
| |Wcap known data patterns | necessary j
| |from general registers ] ]
i |via input/cutput { |
| finstructicns. | |
|- e e e e e e e e e e e e et e e me - e = ————— i
{Instruction |Testability to sequence | Modify fcr MIL-STID-1750
|Counter |instructicn counter | Verificaticn as

1 {through 64K main storage.| necessary
I |Increment counter and |
| iverify execution cf everyl
. | {increment instructicn. |

|Interrupt Mask |Testability to set/reset |

i |interrupt mask register. | Verification as
I [Wrap koown data patterns | necessary

1 |from general registers !

| |via input/cutput |

1
+

|

|

|

t

|

|

|

Mocdify fcr MIL-STD-1750 |
i

|

|

{

J]instructicns. | i
+
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Table 8-1.

. - ——---- - - - .- e - - - - - - - = ——————————— +

| AN/AYRK=-15A
| Subtest

|Main Storage
}Integrity
1

'---------------------—---—-----------—-----------—--—_----_-—-—-----—-

|Erocessor CPU
|frite Protect
|

'---------—-----—-—--——----------:——-------——--—--—------------------—.

]Fead Only
| kfemory (ECYN)

{Illecal Main

|Storage Address

|
{
|
!

|_--——_-—--_---_-—--_______-__-____——----—----—-----------_-----——----.

{Main Stcrage
| Access

MIL-STD-1750 Rpplicatilitv <

FINAL REPCPRT

| Purpose

|Testakility to set/recset
Jwrite protect RAMN.

|drap known data patterns
{from general registers
|via input/output
linstructions.

|Tostability to address,
|jwrite and read 6uUX
fmain storage.

|Wrap known worst case
jdata patterns frcm

| general register (1's,
{0¢*s, and addresses).

|Testability to protect
|main storage in
{increments of 1K blocks.
}Test main storage
|protect enable output
ijcommand; test fault
jregister setting.

| Store data into protected
jareas and compare fcr
Jexpected results.

|Test FCH integrity; test
|enable and disakle output
jcommand discretes.
{Perform cyclic checksun
|within ROM memory using

| ROM enable/disaltle cutrut
jinstructions.

|verify setting of fault
|register indicator.
|Remove main storage
|module and attemgt to
jread/vwrite vacant
tlocations.

|Test for main storage
|access and cycle tinme.
|Instrument main storage
|contrcller and measure
|access and cycle times.

1980

Fekruary 29,

ATP Subtests (cont)

MIL-STL-17%S0
Aprlicability

Modify fcr Mi1.-STD-1750
Verificaticn as
necessary

Modify fcr MIL-STD-1750
Verification as
necessary

Modify for MIL-STD-1750
Verificaticn as
necessary

Medify fcr BIL-STD-1750
Verification as
necessary

Optional in MIL-STD-1750

- - —— - — - - — — -  — ——— - - - ——— P P = A D . ————  — o -

Modify fcr MIL-STD=-1750
Verificaticn as
necessary

Deleted for MIL-STD-1750
Verification

PR S——
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Table 8-1. MIL-STD=~1750 Applicability cf ATF Subtests (ccrt)

| AN/AYR-15A | | MIL-STLC-1750 }
| Subtest | Purpose | Applicability }
| ===z == s s T T S S S S S S S ST S S S S S S S S T S S S S S S S S S S S S S S =SS S SIS =SS SS=SSS ===

| Main Storage |Verify priority cf Eus Deleted for MIL-STD-1750

{Access Priority |Contrcl Module (BCM), Verification
|Direct Memory Access
{ (DMA) and CPU access to

|
|
|
|
|main storage. |
|
|
|
|

e s g

P—

|Initiate simultaneous
jmain storage redquests and
|instrument main storage

{contrcller. 1
e e - - - - - - 5
]ECM Internal | Test ROQP, LINK and HBALT Deleted for MIL-STD=-17%50 ;
|Commands |BCM instructions; BCI k

| jExercise instructions in
| |predefined order (stand-
| falone only).

| ECM Self-Test ITest capakility cf ECM |
| |and MTU to wrap self-test|
| fpattern, test bus |
| lactivity discretes. -
{ |
| 1
| |

|
|
] |Level 1 interrugt. 1
|
|
1

Deleted for MIL-STD=-1750
Verification

|
|
|
|
|
{
|
|
|
|
|
Verification |
|
|
|
|
|
|
|
|
|
{Exercise BCM self-test 1
{function (standalone |
jonly) . {
|Undefined Mode |Test Master/Remcte
jCcmmands |response to undefined
} jmode commands; ECI
] |Level 2 interrurt.
| | Exercise rredetermined
X | |jmode command message
) |
|

| Deleted for MIL-STD-1750
| YVerification

|

|

|

]

|sequence (requires Master|

|
|
|
|
|
|
|
L {and Remote). ( {
|- e e e S S e e s s sr e ane= |
| MTU0 Shutdcwn |Test Master/Remote | Deleted fcr MIL-STD-1750 |
! |Mode Commands |response to MTU shutdcwn | Verification |
| |node commands. | {
| |Exercise predetermined | i
{ {mode ccmmand message | |
! | sequence (requires Master| i
{ |and Remote). | |

+ +
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Table 8-1. MIL-STD-1750 Applicability cf ATP Subtests (cont)

o e > = R P S > = = = = - = ——— +

| AN/AYER=-15A | | MIL-STL-1750 {
| Suttest | Purpose | Arplicability ]
| EX T T T T - T S TP P P 2 A P g 4§ $ 29 B 4 ot T P l
| Mfode Commands |Test Master/Remcte Deleted for MI1=-STD=-1750

|
{with Interrupts |response to those mode | Verification
i | jcommands which generate |
|remote interrupt. ]
|Exercise predetermined |
|mode command message |
|sequences (requires |
jmaster and remote). !
i | Synchronous Data |Test Master/Remote data | Deleted for MIL-STD-17%0
|Transfers |]addressing, tag word | Verification
|]storage, data storage. |
|Exercise predetermined |
|
|
|

——— —— — —

-

|pessage sequences,
jrotating word count and
|subaddress.
|Asynchronous Data|Test Master/Remote ASYNC | Deleted for MIL-STD-1750
|Transfers |data addressing, ASYNC | Verification
i |message protocol. |
|
|
]

|Exercise predetermined
jmessage segquences,
jrotating word count and
|subaddress.
|=mm—memrm - e e e e e e e e e e e e e - S S e e—to—Ssssse—e—= [
|Timer |Test capability tc lcad, | Modify for MIL-SID=1750
1 |start and stop timers A | Verificaticn as

| |]and B. Test capalility | necessary

1 |to input timers A and B. |
| |Test timer A and P |
I jinterrupts. |
| |
| {
| |
| |

|
i
I
l
[
|
jOutput various timer |

|values and test using l

|known instruction |

Jexecution times. !

|t it bebeindadatbde i bbbttt feeb b b o et ainiidadadd |
|External |Test capalkility to set, Modify fcr MIL-S1D-1750 |
Verification as |

necessary |

|

|

|

|

|

|

+

{Ciscretes lreset and read € output/
{ jinput discretes; Test
{Read Ciscrete Output and

l
1
|
| |
| jinput/cutput buffer input|
| |commands. [
} | | Wrap discrete output to |
] |input, output fixed data |
|
+

|patterns and compare. |




- S ) ' ‘*'-.!!lll!l!!!E!!I!EEIIIIIIIIII----.‘!

€17617¢A FINAL REPCRT Fekruary 29, 1980

Table 8-1. MIL-STD-1750 Apprlicakility cf ATP Subtests (cont)

D b T T Y L - - —— > = - - ———— +

| AN/AYR=-15A | | MIL=-STD=1750 ]
Suktest | Purpose [ Applicability |
=== == == RS T S I T R R ST S = S S TS S TS SR TS TS S S S S S S =SS SIS =S=Es |

EIO0 |Test capakility to Modify fcr MIL-STL-175C |

|
|execute PIOC. | Verification as |
| | necessary

|Output to PIO and ccmpare| Opticnal in MIL~-STC-1750
|to output buffer read; |

fuse external test hard- |

|ware to provide external |

|Wrap. 1

TR D e - — — - D - - = = D = T D . Y s W P P WP R D D D WS D W WD R S S D

Interrupts |Test capability to | Modify fcr MIL-STD=-1750 |
|respond tc 6 external | Verificaticn as |
|interrupts, test the | necessary |
jclear, disable, enatle, | |
jand clear pending | |
|interrupts output | {
|conmands. | i
|Use external test hard- | Optional in MIL-STD-1750 |
|vare to initiate ] |

|interxrupts. 1 i

1
|
|
|
{
|
|
|
[

CMA |Test L[MA interface andé | Modify fcr MIL-STD-1750
|enable/disable tMA outrut| Verification as
jconmands. fTest DMA write| necessary
|protect and the fault |
|cegister indicator Bit 1.|
{Use external test hard- |
|ware to initiate CMA |

i

— D o— — - T —— S — — — — — — —— —— — o — — — — — —— — o w—

jread/write.
| = e e e e e e e e e e e e e e e e e e e — e e —e—————— -==|
|Trigcer GO |Test for output discrete | Modify for MIL-SID-1750 |
|Indicator {and 40 @ms timeout. | Verificaticn as |
] |Use oscilloscope to | necessary |
] |measure timeout. { |
e e ntaduiedded bbbttt it dnd bt bbbt b S L bty |
| 1Illecal |Check fault register Modify for MIL-STD-1750

! |setting. Verification as

(
|
1 | | Execute illegal output | necessary
| jcommand and test for |
| jexpected results. {

e e e e - - —— - e = = T - = R P R W D - D 8w .

8=13
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g Table 8-1. MIL=-STD-1750 Applicability cf ATF Subtests (cont)
' LR e LT LS S L ettt D D L L L e e U L B S L R tatadatatutied +
{ AN/AYR=15A | | MIL-STL~-1750 |
! | Subtest I Purpose I Appl:cab111ty I
| I P R P R R A T = |
i |Eower Off |Verify power-4own inter~ | Modify for MIL- STD-1750
|rupt; 100 microsecond | Verificaticn as
jhold tinme. | necessary

jInitiate power down; 1
|execute consecutive {
jmenory stored after pcwer|

{on. |

f A G ST G G G G G D S A D SR S ED S G ED D DA D T e S e OF D G e -
{ROM; power=on reset | necessary
jdiscrete, power-cn BCF | Opticnal in MIL-STD-17590

jguiescent state. |
|Initiate power-cn; {
|execute from FCM to read/|
|reset power-cn discrete; |
|verify BCM state Lty read-|

|

|

|

|

1

|

|

|

Ecver On |Verify power-on discrete;| Modify fcr KIL-STD-1750 |
|

|

|

|

|

|

l

|

}jing control registers. { |

|
|
|
|
{
{
|
|
i |execution frcm boctstrar | Verificatiom as
|
|
|
]
|
{
|
|

€.2.2 Phase 2 - Random Instruction Generator Develorment

Tc ccmrlete the second phase c¢f +testirg, a FKRandce Instruction
Generator Program, and related contrcl prcgrams must be developed, and
the existing MIL-STD-1750 simulator modified. The follcwing is a list
of characteristics of this approach:

1. The Random Instruction Generater must be designed to accept,
as user input, a seed, from which <the randcm seguence of
instructions and data can ke generated.

2. The MIL-STD-1750 simulatcr must te modified to facilitate
the inspection and modificaticn cf all registers and core
locations as well as start and stop contrcl. It must be
hosted on the VAX 11/780.

3. The fcllowing describes this Randcm process.
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€.2.2.1 2andom Program Cescription

¢r routines. This is done in order to develop detailed operations
tased wupon individual module function. The structure is depicted
(Fiqure 8-1) with names associated with individual functions. Tbis

i reflects the overall «ccncept cnly, since further detailing obviously
requires a further refinement of the functicrs.

V\ It is possible to split the cverall prcgram into separate structures
{
|
¢

l
i Main
Parameters Generate Test
Buiid Simulator Output
Execute Compare

Figure 8-1. Prcgrap Hierarchy

8.2.2.1.1" Program Description. In reference to Figure 8-1, a braef
description of e€ach block can provide a tetter understanding of the
cverall concept:

1. “MAIN" controls the trrogram cycling; the generatiosn,
simulation and execution of test cases.

2. The "PARAMETERS" subroutine provides parameter values for
use by the remainder of the test rrograg.

3. The "BUILD" subroutine creates the operation code pool from
which OP CODES are taken for the pseudo-random imstruction
strean.
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u. The "GENERATE™ subroutine builds the instruction streas by
randomly selecting an OP CODE and then building the operands
for each instruction.

<. The "“TEST" subroutine c¢cntrols test case simulation and
i execution until an error is detected or the end of tbhe
‘ instruction stream is enccuntered.

6. The "SIMULATOR"™ subroutine simulates each instruction found
within the pseudo-randcm instruction streas.

7. The “EXECUTE"™ subroutine causes the execution of tke
instruction stream ty the prccessor.

8. The "CCMPARE" subroutine ccmpares the exrected results from
the Simpulator =subroutine with thke actual results from the
Execute subroutine +to determine if an error bhas been
generated.

<. The “OUTPUT"™ subroutine troduces all hardcopy resulting from
test piogram execution.

£.2.2.1.2 "pAIN" RBoutine. The "Main" routine is the topmost module
in tte series which <ccmprises the Randcm Instruction Test Prograc.
1t function 1is to «control the executicr of the Ffrogram. The
fcllovwing operations take place within this routine.

. A Program Control Area (PCA) provides the area for parameter
input from the operator and cther system supilied values.

. Restart 1s checked ty a test of the restart kit in tke PCE.
If restart has occurred, contrcl is passed tc Cutgput routine
to provide tie cperatcr with restart irfcrmaticn.

. The &machine architecture is determined Lty testing the
appropriate field in the PCA. Cnce the architecture is
determined, the instructicn tatle for that architecture is
brought into the <cystem, if not currently lcaded as in the
case of restarts.

. A storage area is maintained for module communications.
Thas communications cecrtrcl tlock contains pointers,
structures, and flags for usage Fy other modules.

] An 1nitial machine state is estallished.

. The "MAIN" progqram loops, dgenerating test cases untii an
cperator initiated stor is encountered.

Ccntrcl is passed in the following sequence to sukroutines which make
tct the "MAIN" program locp.
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. The "PARAMETERS"™ routine: FPFrovides parameter vaiues for the
remainder of the test prograa.

° The "BUILD"™ routine: Generates an OP CODE gcol for use in
instruction stream generation.

. The "GENERATE™" routine: Gererates a pseudo-random
instruction streanm.

. The "TEST" routine: This routine causes all the testing by
passing control to:

- The "“SIMOLATCE" routine: Simulates the instruction
streanm.

- The W“EXECUTE" routine: Executes the instruction
streaa.

- The "CCMEARE" routine: Determines if an error has
occurred.

- The "QUJUTPUT" routine: FErcvides hardcopy output.

£.2.2.1.3 YPARAMETERS" Eoutine. Parameters, after teing validity
ctecked by the parameter processor of the "“MAIN" rrograam, become
availaktle to the “YAIN" program when a reauest is made for operator
input. The <function of this routine 1is to provide rarameter values
for use by the remainder of the "MAIN" prcgram. Those values may be a
randcrized selection of the operator input or a randcrized selection
of the available options. Operatcr intut is verified and a
randomizing of values is performed for each pass through the "MAIN"
program. The operation of this routine follcws:

° A base seed for random generation of data is requested.
Note that loading this tase seed permits a ccmputer that has
previously failed certificaticn to be retested using the
sapme psuedo-randoan test sequence.

. A check is made to determine if operator input is available.

o If input is supplied, the buffers size parameter (which is
used to track storage allccaticn and usage) is checked for
values within spec fied ranges.

If pot in range, a request is reissued with a nmessage
indicating the operatcr error.

. If buffer size differs frcm its rrevious value, then storage
is released and the new storage size is used.

OP and NOP parameters which ccntrol execution are checked
for valid OP CODES, and if the same OP CCDE is found in both
parameters, the NOP parameter overrides the CP value. The

il
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OP and NOP parameters are vsed to define which of the
instructions have been inplemented in the computer under
test.

2.2.2.1.4 “BUILD" Routine. The function of this routine is to
rrovide a table of valid OP CODES for use by the remainder of the
program. By generating a separate table, in lieu of the architecture
takle, there is a reduction 1in the amount of time srent in
verification of OP CODES found in the randcm instructicn stream. This
CE CODE rocl is formulated in the fcllcwing manner.

. On entry to the routine, pointers are available to the OP
parameter OP CODES, NOP rarameter CP CCDES, thke arclLitecture
table, and +to the storace area vwhich contains the OP CODE

Fool.

. Depending on the <contents of the OP or NOP fparameters, all
OP CODES for the randcrly =selected machine features are
processed.

) If OP is specified, only those CP CODES are transferred to

the OP CODE pocl.

. If ROP 1is specified, all OF CCDES with tlke exception of
those specified are transferred tc the OP COLE fool.

. This routine loops until all CE COLES are processed.

£€.2.2.1.5 M"GENERATE" Routipe. The Generate routine is responsible
fcr rroviding a random instruction stream with the appropriate values
established in the corresponding contrcl registers, general purpose
recisters, floating point registers and data areas. 1In order that the
test program is able to distinguish Letween Frrocessor execution
results and simulation results, twc copies of the randomly generated
irstruction stream are available. Therefore, one stream is used as a
reference, one stream for simulation and one strean for processor
execution. The function of this module is accomplished by:

. A& random selection of CP CCLES from the OP CCDE focl
previously built.

. As each OP CODE 1is rlaced intc the randcm stream, the
operands for that particular CF COLCE are forred.

. As operands are placed into the random stream, ary register
or data area associated with the operand is preovided.

. Interrupts are forced intc the strean.
. Two copies of the randcm strear and data areas are made
available.
8-18
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8.2.2.1.6 MW“TESI"™ Routine. The function o0f this routice is to
continue test case execution until either an ending <sequerce for the
instruction stream or an error is detected. This routine contrels the
seaquence of execution of the "“TEST", "EXECUTE", "CCMPARE"™ arnd "OUTPUT®

rcutines. The sequence of events through this module is:

. Preparation of pointers followed bty the sirmulation of the
randoa iastruction streanm.

. Provide a randcm stream for execution on tlke processor and
the saving of the results cf that execution.

. Cause a compariscn of the resvlts of the simulation to the
results of the execution tc determine the extent of success
cf processor execution.

. Cause a bardcopy of stream ands/or data areas ftased on
operator parameter selecticn.

. Cause an attempt ¢to isclate cn a detected processor
execution errcr.

€.2.2.1.7 "SIMULATQA" Routine. This routine simulates the
irstruction provided to it from the rander instructicn stream. This
is accomplished in two Lkasic steps: (1) a sipulation of imstruction
tetch as performed by the processor unit, and (2) a simulation of the
ipstruction utilizing a tasic set of instrugticns for simplicity. A
frrtter breakdown of events fcllows.

) The 4instruction 1length code and address of the nrext
sequential instruction are calculated and saved.

. The architecture table entry for the OP CODE of this
instruction is obtained to determine the various types of
interrupts which can occur frecm this ipstructicn.

. A determipaticn is made as tc whether this instruction is
capable of causing interrupt to occur.

. The OP CODE 1is <checked tc determine if it is legal,
privileged or 1illegal with corresponding interrupt if
necessary.

] The OP CODZ format is used to determine if cther interrupts

can occur from the specificaticn cf the orerands.

o If no interrupt 1is detected tc this ¢foint, the instructiaon
is simulated.

€.2.2.1.8 “EXECUTEB* Routine. This rcutine provides the randomly
cenerated instruction stream to the processor for execution. The
system environmeant is maintained by trapring the state of the machine

8-19
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rrior to instruction stream execution and restoring that state upon
return from execution. The events which cause this tramnsition are:

. The current state of the machine (that is; the contents of
general purpose, floating roint and control registers as
well as the system status) is cktained and saved.

. The register contents required €for stream execution replace
the general purpose and floating point registers.

L

. Any control registers are altered tc reflect the
requirements of the stream to te executed.

] The Machine State (Instructicn Ccunter, Status Word, aud
System Interrupt Mask) to cause the randcm instruction ;
stream to start execution on the fprocessor is established. 1

. An "in-the-strean™ indicator is set to identify the last
location of execution.

. The new state of the system is imposed and the processor
begins to execute the random irstruction stream.

Ccntrol does not return until the execution of the random strean
results in an interrupt and that Ainterrurt is Frocessed. At this
time, the "in-the~stream" indicator is reset and the Exerciser routine
is conrlete.

€.2.2.1.9 W“COMPARE" Routine. This routine conmpares the results of
tte Simulator routine frcm Simulating instructions and the results of
tte Execute routine frcm processor execution to detercine if an error

tas occurred.

3 Ip general, all machine state and data areas (including registers)
. from the Simulator and EXECUTE routines <chculd match at the time this
b routine receives contrcl. There may exist cases which are special and
which would not result in equality between all fields; they are
architectural dependent and must be defined "a priori®", and handled

srecially.

2.2.2.1.10 "OUTPUTI" Routine. Hardcopy results cf the test cases are -
rrcvided via this subroutine. 1A varyirnc arcunt of rrinter output is

available rased on operator specified parameters, values of operands :

within the random instruction stream, and +the locatiomn of an error if
cne has been detected.

Cn CPU restart, the following informaticn is provided: 1

L] A display of the program contrcl area.

8-20
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. A display of the operator selected and program randomized
parameters.

. A display of the OP CODE counters, i.e., instructions which

have been executed.

. If a random instruction stream exists, then a display on:
- The random instruction stream in a readaktle forrat.
- The interrupt histcry, or the results of the acutal

instruction stream execution versus the results of the
simulaticn of the instructicn strean.

- The control, general cpurgose, and floating roint
registers associated with the strean.

- Any data area which is referenced by the streanm.

Error information and/cr trace infcrmaticn is rrovided dependent on
the operator selection of a "PRINT"™ rarameter. If an unexpected
interrupt or a data error occurred and a printout is desired then the
fcllewing information is provided:

] The program history, if requested via a "HISTICRY* parameter.
. The operator selected and program randomized parameters.
. The interrupt and OP CODE ccunters if requested via "COUNT"

parameter. This parameter is reset by the program and must
be respecified for subsequent counter disglays.

° The raadom instructicn streae in a readable fecrmat.

. The interrupt histcry of the results cf the actual
instruction stream executicn versus the results of the
simulation of the instruction streanm.

] The control, 4general purpose and floating roint registers
associated by the strean.

o Any data area which is referenced ty the strean.

. A trace at end of stream does not include a display of the
program history.

. A trace after interrupt comparison does not include operator
and randomized parameters, or the interrurt and CP CODE
counters.

o A data error causes a double disrlay to be wmade. One area

contains the error while the seccnd area is the referernce.

8-21
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£.2.2.1.11 Architecture Takle. For each archi tecture subset
rermitted via the opticnal MIL-STD-1750 functions cr features, a
separate architecture table is provided. This table is a variable
length table which contains all the rules ¢f wusage of each OP CODE
(and OP CODE extensions) supported by that particular architecture.
It also identifies those OP COLDES (and CP CCDE extensicms) which may
nct be used by an architecture. (Ncte that the ccmmand word from the

I,0 instruction should be considered as an extension tc tke OP CODE.)
The architecture table is established ty means ¢f a series cf macros.

Once conplete, the table 1is presented to the test program as a
directly accessed table.

8.2.3 Costs

The fcllowing resources with their resrective costs are regquired to
irrlement the Two Level MII-STD~-1750 certification «capakility at
SEAFAC. Note that the Non-Recurring Start-Upr cost of $933,000 and the
Recurring cost of $306,000 sums to a tctal cost of $1,239,000 which is
less than the sum of the ATP approach and Random approach alone
($1,470,800 = 617,000 + 853,800) because scme duplicaticn of effort is
€elimirated.
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Non-Ekecurring
Start-Ur Cost
ITEY (Mar Years)
SCFTWARE
Development Computer System Utilities = N.C.

Support Software

- Cross Asseabler for MIL-STD-17%C = N.C.

- linkage Loader = N.C. ’

- Simulator = N.C. i
Modification of AN/AYK-1SA ATP = 3.1 :
Modification of MIL-STD-1750 Simulatcrc = 2.0

Cevelogpment
- Bootstrap Program = 0.3
- Random Instruction Generator = 3.0
- Control Program on Master = 1.8
- Supervisor Program on Slave for Randoam = 1.4
- Source Tape Generatcr Erogran = 0.3
- I/C Test Programs = 0.5
EARDWARE
Development Computer = N.C.
Master Computer = N.C.
MIL-STD~1553 Serial Channel Interface = N.C.
RS~232 Serial Channel Interface = N.C.
CTEER
Test Plan Document = 0.3
SCBTCTAL 12.7 man years i
System Integration Factcr (S%) 0.63 .

13.33 man years/
TCTAL $933,000
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Tte Recurring cost for 30 cowmruters is $206,000 = ($10.2K * 30). This

figqure is derived from the following infcrmation:
Cost
Recurring Cost Item/Computer (K Dellars)
------------------ s s e oD e e e - e a» e a» G on o b
&
Hardware Maintenance 0 3
[}
Scftware Sustainence
- ATP 4. 14
] - Randon 2.7
Perscnnel ;
- C(Coverage to Initialize, Observe, and <. 8 :
Apnalyze Results (2 pecple fcr 1 week) ‘
- Technician to Supervise Irtegration of 0.28
I/0 Interface
Other
- Test Plan to Vendor with Verification 0.28
Source
TOTAL 10.20

8-24u




€176175A FINAL FEPCRT Fekruary 29, 1980

€.2 CERTIFICATION SCENARTIO

After all phases of the MIL-STD=-17S%0 Certification Procedure have Leen
designed, implemented, documented and debucged, the fcllowing series
ot events will take place concerning a vendor certification:

1. A vendor contacts SEAFAC perscnnel, citing the need for a
certification.

2. SEAFAC nakes available tc the vendor, what regquirements must
te wmet to complste the certification (sof twvare, GSE, and
I,0), providing source modules of the static verificaticn
program used in the first rhase of testirq in the form of a
Certification Test Interface Docurent (se€e Afrendix E).

3. Time is allccated for the <certification G[rocess to take
Elace.

4. The vendor arrives on site with the MIL-STIL-1750 computer
and related Grcund Suppcrt Equirrent, and is given time to
shakedown and cable~-up his hardware.

€. The first phase of verificat*icn testing is ccnéucted urder
supervision of SEAFAC personnel and vendor representatives.
Any discrepancies are so noted, all results are documented.

6. The second phase of verificaticn +testing is initiated and
left to execute fcr a predetermined 1length cf time. The
length of time is ©propcrticnal to the speed of the unit
under test and the number of test cases desired tc be rusn.

7. After a thorough review of all test results, an official
statement of ccmpliance ¢r ncn-compliance 1is made by SEAFaAC
concerning the vendor's MIL-STIC=-1750 ccmruter.

€.4 TIMPACTS TO MIL-STD-1750
The reccmmended approaches do not required any gpecial features to be

added to MIL-STD=-1750 because of verificaticn tests.

£.4.1 MIL-STD-1750 ARCHITECTURE CONTRQL

A complete, detailed, unambiguous specification c¢f any computer
architecture (like MIL-STD-1750) is essential +to a «certification
effort in order to ensure that a compatible verification is possible
for all vendor inmplementations.
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Tte architectural specification (MI1~-STC-1750) itself is not immutable
(fixed) for all time; rather, ccrrecticns, modifications and
extensicns will need to be made over tire. Thus, a change mechanism
needs to be provided for MI1-STD~1750. Control of pctential changes
is critical by this change nmecharism ard wmust be predicated upon a
crcund rule that upward compatibility is required. That is, a prograrm
written for a MIL-STD-1750 implementation will rumn and give the sanme
time independent and implementation independent results on an
irsrlementation based on MIL-STD-175CA. (Cf course, this assumes
sivilar resources for both computers such as 32K stcrage on both
machines.)

The upward compatibility enalbles the verification frogram to migrate
stccessfully from an inmplementation based on HNIL=-STD=-1750 to an
izrlementation based on MIL-STD-1750A. (Of course, the verificatiorn
program would need to be extended; but deletions or chamnges would not
te regquired.)

Thus, it is required that different release levels cf the verification

prcgram would need to be maintained +with at least one release level
associated with each MIL-STD-1750 release level.

€.4.2 SUBSESS OF HIL-STL-1750

"The issue of defining architectural =sulsets has an iprortant design

impact on the certification fprocess's verification approackh.

Sutset specification guidelines c¢r rules must Le frcvided by the
¥I1-STD-175C specificaticn and certificaticr testing nmust ccnform to
ttese rules. Since the existence of sutsets will require special
treatment in the verificaticn approach (as well as either nultiple
assemblers or a more complex assembler) with subsetting capability,
sutsetting should be examined carefully. The follcwing is a candidate
rrocess for providing member specificaticn:

8=-2€
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BULES CPIION

Must Choose One Fixed Point

16-Bit Arithmetic
32-Eit Arithmetic
16-Eit and 32-Bit Arithmetic

e bt s

May Choose One Plcating Point Arithmetic

Short (24/8)
Shert and long

May Choose
(ortions)

Exranded Addressirg
MIL-STC=1750 I,/0 Frotocol

- MIL-STD-15%3 Sutset
Prctection

- PMemory

- Surerviscr/Proklem States
[ 1 Start-Op ROM

(] obom

~ len L | e
ed bed —t

—d

Thus, many subsets of the architecture would be fpernmitted fcllowirg
ttis set of rules. The simrlest memter wculd be characterized as a
1€=bit fixed-pcint processor; the other extreme would comprise the
entire architecture.

Tterefore, multiple architecture =subsets require special design
ccnsiderations for the verification prcgras in crder that it properly
tests all possible machine implementaticns.

Parenthetically, the same design ccnsiderations is required for
surport software. For example, the compiler may need tc flag floating
Fcint equations as illegal for the simplest member. Tle assemkler may
likewise need to flag illegal instructions for this simrlest member.

8.5 TIMPACIS TO SEAFAC

] Tte impact to SEAFAC due to implementing the MIL=-STD~1750
certification capability as a twc level approcach focus cn staffing and
hardware.

£.5.1 Staffing

Staffing requirements necessary to imrlement (totally within SEAFAC
without any subcontracted work) the recommended verification
arrrcaches consist of the follcwing:




'4'-.Il!IIllIIllIllIllllllllllllllllllllll'

€176175A FINAL REPCET Fekruary 29, 1980

¥Fngineer to implement the I/0 interfaces

lead Programme: with an architectural tackground

fupport programmers (5)
i The staffing required to sustain the reccmmendation follows:
Fngineer/technician to surervise the I,/C iptegraticn

Progragmper/technician to initialize, invoke, and observe the
verification program execution

Certification Coordinator
Proqrammer to maintain the verificaticn programs.
£.5.2 DPhysical Resources

Tte physical resources necessary to imrlement arpd sustain the
recommended verification approaches consists of the follcwing:

Master Computer with Associated Peripherals

Auxiliary Storage (disks)
Yagnetic Tape Drives
Printer
Timeskaring Operating Systenm
MIL-STD-1553 Interface from the Master Computer
RS-232 Interface frcm the Master Ccmnruter
MI1L-SID-1750 Support Software
Cross Assembler
Linkage Editor
Simulator
Library

Utilities

Bower/Lab Space
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9.C EPILQOGUE

——— e w—— .

IEM is fully confident in the results of this study as documented in
this rercrt; however, it is important tc recognize that these results
are Ytased upon the set of ground rules (developed with Air Force
guidance) which are described in Secticn 2. Different results could
te ottained if these ground rules were changed or modified; therefore,
it is important to take these results in the context of tke ground
rules. However, enough information has keen provided in this dccument
tc rerrit re-evaluation of the recorpendation if tle ground rules
ctange.

€.1 OESERVATICNS/COMMENTS

Luring tte study phase cf this ccntract, many interesting questions
were discussed by the 1IBM team menmbers. This secticn covers those
questions with our responses.

"Since either the AIL-STC-1750 specificaticn will mature over time cr
! €else tte verification prcgram will mature cver time, what haprens to a
previcusly certified ccmputer?”

Retesting needs to be considered. A reascnaktle scenario for
retesting would be to recall all certified «ccmputers for retest
whenever the verification test is wurdated. Any discrepancies
found would be recorded and published so that wusers would ke
avare of the limitations of these existing computers vis a vis
the latest level of standard or verificaticn methcd.

"what advantages or disadvantages arise frcm supplying vendors with
tte verification programs?"

; The advantage to the vendor is that each irmplementation could be
pretested prior to the certificaticn process at SEAFAC. This
could make the certification process less painful to the vendor.
The advantage to the Air PForce 1is that wmcre mature hardware

| imrlementations would be submitted for certificaticn testing. An
expressed <concern 1is +that a vendor would "hand tune" its
implementation to only consider tte tests in the verification
i program. If the verification program is of high quality, this
should be an advantage, not a ccncern. Furthermore, IBY believes
the two step certification testing rrocess with the Rardom
) approach as the seccnd step eliminates this ccncern.
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"For the Manual Test Ccnfiguration, isn't it improper for the load
tares to be generated by the vendor?v

In the Manual Test Configuration, the study assumed that the
vendor would generate the 1load tares for use during tke
certification process. It was ascsuped that keeping the load tape
for future reference would prcvide adequate control and
rrotection for the Air Force. It has been suggested that this is
an improper approach since merely taving the means to establish
the validity of the test after having conferred certification is
not sufficient in light of the cost, schedule, and competitive
damages that could occur. This 1is acknowledged and is further
1 rationale for not recommending the Manual Test Configuration. Of
course, other means cf providing the desired level cf control can
ke envisioned such as, requiring a standard 1load capability for
all vendors. However, these alterrative methods all have added
costs associated with then and further support the
reccomendations of the study.

- e

1= s

"chould a minimum main storage size be required for the certificatior
rrecess?"

Yes, a 32K minimur storage size 1is required. However, some
systems might specify less tham 22K storage. For these systems,
it would be permitted to let the hardware engineers satisfy the
32K storage requirement by orcviding a memory exparpsion connector
(vhich may be 1inside the box) tc rrovide an external nmenory
extension up to 22K. This expansicr could be of commerciai
quality.

"c¢hould a standard I/0 channel like MII1-STD=1553 or RS=~232 ke reguired
fcr certification2?®

M standard MIL-STC-15%3 interface is regquired. For systems
without MIL-STD-1553, the hardware engineers again could provide
this feature by prcviding an I/0 ccnrector (which may be imnside
the box) which ccnnects to an external box rroviding the
MIL-STD-1553 functicn; or the hardware engineer cculd rrovide an
FS=-232 connector in the box. The external I/0 Lkcx could be of
corrercial gquality.
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“"Ecw much error reporting should be provided to the vendor when a
trctlen is encountered during certificaticn testirg?v

‘[ The state of the machine at the start of a test case, that

: specific test case data, the results of that test case after
, execution upon the machine under test, and the expected results
(eitber predetermined or simulated) should be prcvided for each
test failed during the certification process. However, it is not
considered the province of the Air Force to prcvide diagnostic
information.

"Shouldn't future research be considered for eitler the Analytical
Agrrtoachk or the Conmnputer Hardware Trescriptiorn lanquage (ISPS)
arcroach?"

Purther consideration should te given to describing the
MIL-STD-175Q architecture in these approaches in crder to mature
the architecture stecificaticn thrcugh a thorcugh simulation
effort and to increase the confidence in this architecture.

"Are any additional functions required ty the Air Force to further the
standardization effort?"

Pertaps the Air Porce could estatlish a library of operational
csoftware functions like SINE, CCSINE, ARCTANGENT, NAVIGATION,
KALMAN_FILTER, etc. Perhaps the 2ir Force cculd provide funds
for membership participation in the MIL-STC-17%0 Users Group.
Perhaps the Air PForce could put an organizaticr in place to
control, distribute, and wmaintain Support Software like High
order Languages, Assembler, Simulatcr, Linkage tditor, debugging
tcels, etc.

"How does one determine when tc <stor the PRandcem verification
approach?

A statistical analysis of this protlem has Leen non-productive;
engineering judgement has to be used to determipe when to stop
the Random progran.
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"Doesn't connecting to the VAX 11,780 =<strain that rescurce Ly being
dedicated to the certificaticn process?®

The VaX 117780 provides a rulti-programmable capability;
therefore, the verification progras on the VAX 11,780 could run
concurrent with other arprlications.

"When using a Bandom verification program, how does a test seguence
cet repeated for a comruter which is resubmitted fcr certification
after previously failing the Randcm tests?®

The Random verification program shculd request the base seed at
its start. This permits the Generator Procram the sape
vseudo-randon Sequence cf instructions bacsed uron the
initialization seed used when the ccmputer first failed.

"Ecw many test cases are required per an average instruction to test
the architecture without hardware dererdencies being krcwn?®

Architectural verification Frograms average 2zt tests per
instruction in order to thoroughly test the architecture witkout
2 priori knowledge of irplementatior details.

"What testing philosophy should be used regarding exceptional (error)
ccnditions?" (e.g., Store Multiple (STM) crossing page protection
toundaries, an unnormalized floating pcint cperand.)

Not only should testing for normal conditions cccur, Lut even
more impcrtant is the testing of the excertional (error)
conditions and the status cf the machine upon ccmpletion of the
error event. e.g., a Store Multiple crossing rage boundaries
from an unprotected page intec a rrctected page should terminate
tte same way or any machine being tested; that is, STM should
terminate without stcring into the protected rage and this should
ke =0 tested.

"What testing philosophy should be used regarding “Reguired",
"Crticnal", “Reserved" and "Spare" features in MIL-STD-17502?%

"Required", "Optional", and "Recserved" define architectural
features which must be tested; "Spare" is not defined and cannot
be tested.

9-u

e
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"What testing opnilosophy should be arrlied to jmplied coanditions in
tte MIL-STL-1750 arcchitecture?"

[

An example of an implied condition is storing orly the 1IN, SW,
‘ and IC into main stcrage when an interrupt cccurs. In this case,
i the adjacent 1locations should alsc Lte tested to guarantee they
did Bpot change (i.e., defining a four word FESW is illegal,
therefore, implied conditions should also be tested.
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1.0 APPENDIX A

SEAFAC EACILITIE

Hn

The System Engineering Avicnics Facility (SEAFAC) is an avionic
hct-bench and test facility within Avicnics Engineering Directorate
(ENA) BAeronautical Systems Divisicn (AST) of the Air ¥orce at WPAFB.
Criginally organized to analyze, design, simulate, and evaliuate
avicnic equipment in a total system cortext, the facility has Leen
tasked to play a key role in the =standardization effort of the Air
Fcrce. Through SEAFAC, the capability tc aid users in the application
cf standards and to verify ccmgpliance with the standards is being
develored cn an evolving tasis to meet the requirements of tue aitr
Fcrce.

%With respect to standards verification, <SEAFAC has been the principal
acency for the MIL-STD=-1553 bus effcrt. Three generations of bus
testers have been designed tc rfprovide Lkcth in-house and on-site
certification and system engineering of MIL=-STD=-155: equipment. A
ntokter of projects have been addressed irn suprort of Frogram Office
activities which has exranded the rcle cf SEAFAC in prcvidiag tenefits
and cavatilities to ASD.

Tte resources avalilable at SEAFAC consists of:

1. Physical Plant = Facilities fcr administrative sufport and
capabilities tc acccanmodate hct-terch system ccpnfiguratiomns,
hardvare design and fabrication, and testing and evaluation
are available.

2. Electronic Hardware - A variety cf hardvare resources exist,
including:

a. PDP-11/55 comruter system with 1links tc a MIL-STD-1553

data bus. Mass memory is provided Ly two RK-05 disc

k drives (each containing 2.5 @regabytes), two RK-06 disc

drives (each containing ':.% @megabytes), a cuali flocpy
disc drive, and a 112K word memory.

k. PCP-11,/34M with 32 kilcwcrds of wmain remor; and with
custom designed bus interface unit for Lus controller
or remote terminal operation cn a MIL-STIL=-15:3 bus.

Ca VAX 11,780 ccmputer system with 1 wmillicn bytes of
semory, two RMO3 disc drives (each <containing 64 |
megabytes', 2 switchatle shared RK-0€ disc drives.

d. Microconmputer develctment =system (€.3., IMP16, SILENT
700, 8080).

e. Remote terminals for access to ASLC ccmputer center
containing a CYn”®R 175 aré System 260/37C emulator.
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f. Minicomputer (CP-16R and AYEK=-8).

g. Test equipment including reters, scopes, generators,
logic amnalyzers, custom designed multiplex data ‘tus
testers, and MIL-STC-15%3 verification equipment.

Software - Surport software for the PDP-11/E5E% copsists of
the RSX-11M operating systen, Macro-11 assembler, and
FORTRAN IV - PIUS ccmpiler.

Personnel - The SERFAC perscnnel contingent is ccmprised of
hardware engineers, software programmers, and technicians
with experience 1in confiquring and implementing hot-bench
avionic system setups. This tranch of tlhe Aeronautical
Systems Division 1is brcken intc three wcrking groups;
Hardware, Software and Multiplex. The staffing 1level for
each of these grours is as fcllows:

Bardware
Engineers
Technicians

N

Software
Programmers
Technicians

[ Y}

Multiplex
Engineers il
Techricians 1
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20.0 APPENDIX B = ESTIMATICN CP THE TCTPL NUMBEE CF AKCHITECTURAL
TISCREPANCIES

This section describes in detail the methcd for frojecting the total
rupber of architectural discrepancies. As discussed previously,
Engineering Changes (ECs) are a measure of the tctal number of
architectural discrepancies which have reen found to date Ior a given
machine design. It is desirable tc kncw the tctal number of
architectural discrepancies which remain in a machine at the time of
sell-cff, i.e., those already fcund rlus thcse which remain
trdiscovered.

Tt is expected that the rate of Jdiscovery of architectural
discrepancies will be an expcnentially decreasing functica of tiae.
Iritial use of the machine will be for the development and validation
cf orerational software. This new =software will exercise the nachire
in new and previously untested ways. It 1is expected that most
discrepancies will be discoversd early in this ©usage. As the
arrlication programs become more develored, fewer and fewer pew
ezxercises of the machine are performed, ard the rate of error
discovery declines. Fipally, after thke aprlicatiocrns programs are
ccopletely developed and in use for some time, the rate cf discrerancy
discovery approcaches zero. This =zay be rlctted as shcwn 1n Figure
20-1, where

f(t) is the number of ECs discovered as a functicn of time.
Tte area under this decreasing extcnential curve (i.e., the integral)
ie thke tctal number of architectural discrerancies which remain in the
rachine after sell-off, which is thke desired quantity.
Tte curve is of the form
-bt
f(t) = ae . (1)

Tc calculate the area under the curve, let C egqual the total number of
architectural discrepancies. Then




€17€ 1751 FINAL FEPCFT Fetruvary 29, 1980 G

filt

{Rate of Discovery
of Architectural
Discrepancies)

sell-off

Figqure 20~1. Expected Number of Architectural Discrepancies Over Time

0 o© =bt
f(ty dt = ae (2)
o o

0O
1]

)
a =-bt
= - - g (3)
b o}
a
= - (4)
b

¢0.1.17 The Decreasing Exponential Metlod

In order to compute C, it is necessary to fit a curve (with the
ccrrect values of a and b) to the data, f(t), which might appear as is
skcewr in Figure 20-2.

E This may be accomplished by taking +the natural log transform of tbhe
¢ata, thereby making it linear and then rerforming linear regression
analysis to obtain the best fitting 1line. This results in a
semi-logarithmic curve fit. (This will be «called the degreasing
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A
1t

(ECs of Architectural
Relevance) L—

[ S

Months after sell-off, (t)

sell-off

Pigure 20-2. Expected Data: ECs after Sell-off versus Time

exronential method.) The transfornm is

A -bt
In(f£(t)) = 1l1ln(ae ) = 1ln(a)-bt (5)

The right-hand side of this equation is in the form cf a straight
line, for which the general expression is y = mx + b, where m is the
slcpe and b is the y-intercept. Linear regressicn analysis yields the
slope, in this case b, and the intercert, in this case 1ln(a), which
are tte desired variables. To obtain the value of C, the value of b
and the anti-log of lan(a) are taken and aprlied to Equation (Y4).

R S

P e Y0 - :mi,

A
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The slope and intercept are calculated as fcllows:

N
Z A
t * f(t)
i=1 i i A
b L L L LT -l - t * f(t)
N
slope = b = eeecsccrcecccccasee cersecseccecnseo. (6)
o 2
t
A —_
intercept = 1ln(a) = £f(t ) - b t (7)
i i

where t; are the months after sell-off ard f(ti) are tle corresgonding
ruezber of ECs of architectural relevance for those morths. N is the
tcta umber of data points. The averace value of f(ti), represented

(ti)' is
N A
Y f(t) (é)
A i=1 i
f(t ) = ==——-ee---
i N

N
2t (9)
— i=1 i
t = emeeee- .
i N
2
The variance of the t values, ot , is
N 2
2t — (10)
2 i=1 i 2
fog = —e——- L

Bs an application of this method, the data from a System/370 model may
ke evaluated. (It is not intended that the results te evaluated iz
ttis section. This evaluation arrears in Section 7. The data are
trcucht here for the purpose of illustraticn.) The data is shown in
Tatle 20-1 and is plotted in Fiqure 20-3. The nattral log traansforam
cf the Jdata is takem, using Equation (5), and the best fit line is

E=-4
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fcund using Equations (6),(7),(8),(9), and (10). 1These are rlotted in
Ficure 20-4.

‘.4_,_;

Table 20-1. ECs of Architectural Relevance Frcm A System/370 Model

bt s T - . A8 s - = = D > - - " . B " - - +
| ! A |
! | Month (t) { ECs (£(%)) I
. l====================| T====2== :::::::::::::'
| | |
| 1 | 4 |
| 2 ! 4 |
| 3 ! 3 |
| 4 | 3 |
| 5 | 5 !
E | 6 I 2 i
i [ 7 | 5 |
! [ 8 | 3 |
i 9 | 1 |
| 10 I 4 |
| 1 | 1 l
| 12 | 0 i
| 13 | 2 |
| 14 | 4 (
| 15 [ 1 |
i 16 ! 2 [
l L === |
| | Total 44 |
[ | |
$mrmma D D D D D D D R D S R D D R M M AD S  w  - +
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Months after Sell-Off

Figure 20-3. ECs of Architectural Relevance for System/370 Model
versus Time
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ECs
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Figure 20-4., ECs of Architectural Relevance for Syster/370 Model
versus Time and Transformed Data with Eest Fit line
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Note that no ECs were fcund in month twelve. This presents a problen
¢ince 1ln(0) equais minus 4infirity. Fcr this analysis, the twelith
rcnth was assumed to have one EC. This rprotlem will te discussed in
pcre detail later.

The straight line found is

A
In (£(t)) = 1.451 - 0.0668 ¢t (11)

Hh> >

This yields the desired curve,
Eguaticn (11).

(t), Yy taking tte arnti-loz of

A A
A la(£(t)) 1.451 = 0.C6€8t
f (t) = e = e
(12)
- 0.0€€68¢
= 4.267 e
This is rlctted in Figure 20=S5.
N
A
fit)
5 =
4 o~
\\
ECs
Found Kj A - 0.0668t
oum 3 \\ fit) =4.267e
\\
2—1 k
. iy

T 111
3 45 6 7 8 9 10 11 1213 14 15 16

Months after sell-off

Fiqure 20~-5. ECs of Architectural Relevance for System/370 Model
versus Time and Best Fit Curve

A total cf 44 ECs were found ky the end of the 16th month as shown in

B=7
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Taktle 20-1. The total projected number c¢f architectural discrepancies
is found as follows:

a 4.267
C & = & ==~===- = 63.88, or arproxirately 64 (13)
b 0.0668

In cther words, 20 additional discrepancies are rrojected, but remairn
tndiscovered.

As menticned previously, a difficulty with this decreasing expopenti

method is its ipnability to handle data points of value zero, since t
natural log of zero is rinus infinity.

a
h

o -

20.1.2 1he cumulative Lata Apprroach

Br alternztive approach 1is to use the cumulative function, which has
crly ncn-zero values.

Tbe cumulative function, denoted by gi{t), 1is the integral of tkhe
original data function, f(t).

g(t) = /f(t) dt

]
-
D
1
o
ﬁ-
foT)
‘+

e + C, or using Fquatior (4)

=C =-Ce (14)

It is known that at t = 0, no ECs have been found. Therefore g(0) = 0
at t = 0. Using Eguaticn (14),
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-E x 0
g(0) = C = Ce
o
0
0 = C -Ce (15)
o
C = C
o}

Tte resulting form of the cumulative functicn is:

-bt
g(t) = C=-Ce . (16)

This is plotted in Figure 20-6.

g (t)

gf{th=C- cadt

v

Figure 20-6. Cumulative ECs Over Tinme

Tte asymptote, C, is the total —cprojected number of architectural
discrevancies.

Tte goal once again is tc fit the best curve to the actual data, i.e,
deternine the beit values c¢f C and D). An example of what the
curulative data, g(t), might look like is shown in Figure 20-7.




C T e g g Do AN R O X

€176175A FINAL REPCRIT February 29, 1980

Cumuiative
ECs

YY)

A 4

Months since sell-off

Figure 20-7. Cumulative ECs Over Time, Data

It would be desirable to take the log tramnsform of thLe data (to make
it linear), fit a straight line ty linear regression, and then take
the anti-log to obtain the curve, as was dcne previously with £ (t).
Urfortunately, the natural log of c-ce~Pt gces rnot produce a straight
line. VNote that the derivative (slope) is

d -bt 1 -bt
== 1lpnp (C - C e ) = mecw--eee- Cbe
dt -bt
C=-Ce
-bt
L e
-kt
1 -e
-bt
Since the slope of 1n (C - C e ) ie nct a straight line, but is a
function of t , linear regression analysis cannot be used. Therefore,

tte fcllcwing approach toc fitting the bLest curve (chccsing the best
values of C and b) is used.
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First, an arbitrary value is chosen fcr € and the data, g(t), 1is
suttracted from it. This yields

-bt
h(t) = C - g(t) =Ce (18)

which is plotted in Figure 20-8.

h (t)
Ce'bt

b
S

t

Figure 20-8. C Minus the Curulative EC Functiocan

Next, the natural log is taken.

In h(t) = 1ln C = bt (19)
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"tis is 1pn the form of a straight line, whtich is plctted 1rn Figure
2(=-9.

in[hiv]

Inc =

in C-bt

v

‘\‘\\\\ t

Figure 20-9. 1log Transform cf Cumulative Data

Since this is in the form of a straigkt 1line, linear regression
aralysis may be applied to determine thte lire that best fits the cata.
Fouations (6), (7)., (8), (9), and (10) are applied, except that f(ti)
is rerlaced with [ ln ﬁ(ti)].

Tte slore, b, bas therety been determined ard, since C was chosen, the
equaticn for the curve is comilete.

Tte difficulty remains that C was chcsen artitrarily. The solution is
tc choose different values of C and then determine the goodness of fit
Letween the resulting curve, 9(t) = C = € e~bt, and the data, §(t)-
Tte ketter the fit, the better the estimate of C. This r[rocess is
ttern iterated until the test estimate cf C is obtained.

"wo different measures cf the degree <c¢f £fit can te used: tkte

correlation coefficient (r) of the 1line calculated Ly regression

gnalysis, and the squared error of the calculated cumulative curve,

2(t), and the cumulative data, G(t).

Thte correlation coefficient is a measure of the degree of association
A A

tetween the randcm variatles (ln[h(ti)}, ti) coae (ln[b(tn)J, tp). It

ie denocted by r and is calculated by using the fcllcwing exfressiorn:

B-1z
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cstraight line. The

Tte

tte data.

Squared Error =

Tte curve shown 1in Figure 20-10 helgs

ccncept.
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tnls apglies to tle lhg
tLicgher the

squared errcor 15 a measure cf
It 1s calculated Lty the
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CUlVe with

trarsfern toth.
tte tetrtel the

taty,
r~value, tit.
the fi1t ~f t'e resulting
fcllcuirce fcoogula

A

N A N
q

1=1 1 i

in visuvalizing tle squared €rror

B=13
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21 (data)

TS

?m = C - Ce’P* (fitred curve)

lgure 0=10. fguareéd Fricr tepresentaticr

o1 t;, tite iifererce tetweer the fittec curve and the
G. .hese terms are trer. curreé. Tre better the fit of
e wata, tle lcocwer tlte tctal scuarec errcr.

tic value of C, whticlt 1¢ the tctal rtrc-ectec rumber of
ZisCreranciles whick remair 1ir the ractire after
Le estiratel 'y use of ar i1terative froceaure. This

tccelure involves Selecting  various artitrary values cf C urtil the

cet

estigat:

cvare? €errc:

< »Aa -

Arcritecriiel
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rertification
xrecte? el

~

¢
r

€t

Yoe

Ve

' fer oa om

1rrle. vt W
Tact lLe.

21 o0

¢: ¢ 15 fcund, lased or a raximur r value 0l & DiLiBiub
Vaide.

TN P O TRETA LYV PACEIANF CITE
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a1t estigate cf aquality te citaired fcr each of the
methoas . "hat is, tte rurprose 1s tc ccmpute the
€ BN arvhitectural céiscrerancies c¢f a verafacation
eChasbe ! the recrinal cize exrected for PI11-S1L~1750.

tasuie t machine fi12¢ i tte number of cates used in
DLroltaanately, thas 1creres tre rticrcccde aL
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storage of the machine, either of which (if working incorrectly) would
result 1in an architectural discrepancy. Yt would te pcssibie to
gircply sum the sizes <c¢f tlke 1logic, microcode and rain storage.
However, it is expected that equal weighting of a gate cf lcgic, a bit
cf microcode, and a bit main storage wculd exaggerate the importance
cf main storage. Therefore, each of the three conponents is
rcrmalized separately. To accecmplisk this, each of the ECs of
architectural relevance uncovered in this study is examined to
deterrine whether its cause 1is logic-related, microcode-related, or
main storage-related.

Tte projected number of architectural discrerpancies remaining in the
rackine after the apgplication of Verificaticn Metkod A in the nominal
size MIL-STD-1750 machipe (denoted by CISCPEP(175C)) 1is the sukx of
ttree ccnponents:

DISCREP( /50) = Logic DISCEEP(1750) + Microcode LCISCEREE (1750)
+ Main Stcrage CISCREE (17%0) (B1)

Assure that the architectural discrepancy data were gathered from
*achine B, which is different in size than the nominal MIL-STD~1750
rachine. The first ccmpcnent in the atove equation, tke number of
lcgic~related architecture discrepancies expected for a nominal sized
MIL-STD-1750 machine after the use of Verification Method A, becomes

Logic DISCREP(1750) = Logic DISCREE(E) x

machine csize

normalizaticn
factor. {B2)

Wtere Logic DISCREP(B) refers to the projected numkter cf architectural
discrepancies associated with lcgic found in machine B.

Tte machine size normalization factor in Equation (B2) is simpily

machine size size of nominal 17%0 machine (gates)
normalization = =e~-=-ecrsesesemcec—cccccee—ccn——aeaa
factor size of machine E (gates)

Tte microcode and the main stcrage comrcnents are treated ir a simiiar
fashicn.

As an example of the use of this metlod, the nomiral MIL-STD=-17%0
sachine was expected to contain 30,000 gates, 200,000 microcode bits,
ard 1,000,000 main storage Lbits. Next, =<sufprose that Verificatiorn
Method A was used on a large machine (E) and machine (B) contained

E-1S
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100,0Y" gates, 400,000 wmicrccode kits and 10,0C00,000 main storage

tite Also suppose that £0 architectural discreparncies were
ric : jfe-related, and 5 were main <cstcrage-related. The frojected

|
rro- -ted. (0} 4 these, 30 weETre logic-related, 15 were ‘

rucber of architectural discrepancies for Verification Method 2 for a
rcmine. MIL-STD-1750 machine becomes:

20,000 gates (1750)
30 logic DISCEEP(E) X w=-re-ccccrccccocae-
100,000 gates (B)

1)

CISCREP(1750)

200,000 rits (1750)
+ 15 microcode CISCEEF(E) X ~===we—=- il e mtadats
400,000 kits (B)

1,000,000 bits (1750)
5 main storage DISCRFF(B) X —~-m=cemecccccc- ———
10,000,000 bits (B)

+

30 x 0.3 + 15 x 0.5 + ¢ x 0.1
= 17
Verificaticn Nethod 1A would te exrected to miss 17 (not 50)

architectural discrepancies when arpplied tc a machine of the npomrinel
size expected to be used in MIL-STL-17%0 arplications.

Ncrmalization has prevented an over-estiratior of the total number of
architectural discrepancies for Verification Method A simply because
it was used on a large machine (B).

e

— P ST AT | I - S
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3C.0 APPENLIX C = PECSRAMS  FCR ESTIMATING TICIAL LUBE:E  CE
BECEITFCTURAL DISC NCIES
i
i
|
] VESTIMATE(D])V ‘
(13 .V ESTIMATE
(2] ® ESTIMATE C (TOTAL NUMBER OF EC'S) BY SUCCESSIVE APPROXIMATION
(31 A (0) INITIALIZATION --- CHI = 200 CLO = TOTAL NUMBER OF KNOWN EC'S ;
14) W (1) ESTIMATE Ct MIDPOINT OF CHI AND CLO ;
{S] W (2) FIT CURVE TO DATA (USING ESTIMATE OF C)
(6] ® (3) FIT CURVES USING C+1 AND C-1 ;
{?) M (4) IF SQUARED ERROR OF CURVE FOR C s SQUARED ERROR OF CURVES FOR 1
(8] n C+1 AND C-1 THEN C IS BEST ESTIMATE: STOP :
[9) M (S) IF SQUARED ERROR OF CURVE FOR C-1 < SQUARED ERROR OF {
| {10] » CURVES FOR C AND C*1 THEN CHI = C+13 GO TO (1 -
| {111 & (6) IF SQUARED ERROR OF CURVE FOR C+1 < SQUARED ERROR OF i
[ Ei%{ : CURVES FOR C AND C-1 THEN CLO = C-13 GO TO (1) (
(141 QO+ b
(1S] 0O+' !
(161 Qe ! ;
(171 QO+ A-7 ENGINEERING CHANGES'
(18] QO+ !
(191 Xer(ry)
[20] O«'MONTHS SINCE FIRST SHIP: ', 3 0 vX[118]
Egé} g*:CUHULATIUE EC''S: '» 3 0 TY[118]
-
(231 QO«'MONTHS SINCE FIRST SHIPt ', 3 0 ¥X[18+117]
[24]) O«'CUMULATIVE EC''S: '» 3 0 TY[18+117]
(251 Qe !
[26] CHI«200
(27] CLO+Y[(?Y)-1]
(281 O«'ESTIMATE OF C SQUARED ERROR !
[29] LOOPLICMID+L (CHI+CLO)+2
[30] CMi«CMID-1
(311 CM2+«CMID+1
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CeCHID
X FITY
SO"ID*SOERR
O 7 0 25 S YCMID,SAGMID
C+«CM1
+(C>Y((rY)-1])/L0
CeC+0.1
LOtX FIT Y
SQM1+~SQERR
C+CH2
X FITY
SOM2+SQERR
+((SQMIDsSOM1)A(SQMIDsSQM2) ) 7/FINISH
+(S@MID>SaM1) /LA
cLO+CM1
+LO0P1
L1tCHI+CH2
+L O0P1
FINISH:O+' !
O«'TOTAL PROJECTED ARCHITEC 7UR9L DISCREPANCIES"
g"' (?OUQRED ERROR TECHNIQUE) = ',YCHID
!
D' !
D@ f
v

el lalelalelalmlalalalalalalalalialalalalalals]
NANNANTNA DDA LED DD WWWWWEWWW
NAWNNFOYVINNNAUNOOOVD-IDNIUWUND
ot et it ot et nd St St St St ot et et et St et it St St s b Gt Bt St
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|
g VFITLO)Y

£11 .V X FITY
(21 n FIT EXPONENTIAL CURVE TO DATA (C - Y)3
[3)] m (0) LINEARIZE DATA: LN (C - Y)
| {41 ® (1) COMPUTE LINEAR LEAST SQUARED ESTIMATE FOR LINEARIZED DATA
. [S] n (2) SLOPE OF RESULTING LINE IS EXPONENT FOR EXPONENTIAL
Eg; 8 (3) COMPUTE SQUARED ERROR BETHEEN DATA AND EXPONENTIAL CURUVE
f
(81 Z+o(C-Y)
(9] MZ«MEAN 2
[10] MX«MEAN X
[11] VARZ+VAR 2
(121 VUARX+UAR X
[{13] STDUZ+UARZ=0.5
{14) STDUX+UARX20.5
E%g} .CROSSSUH~4/(Z!X)
[ E%g} : COMPUTE R, THE CORRELATION COEFFICIENT
: [(19]) Re((CROSSSUM+(*Z))-(MZxMX))+(STDUZ=xSTDUX)
= Egg% 'SLOPEZ*(RISTDUZ)GSTDUX
Eg%} : F(C,SLOPEZ) IS THE EQUATION OF THE CUMULATIVE EC CURVE
(241

gOERR+4/((Y-(C F SLOPEZ))*2)

vFLalv

v2«C F A
{11  ZeCx(1-=(AxX))
{21 v

] —— _—— e
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YUARLO ]V
v 2«VAR X

] n

; ® COMPUTE THE UARIANCE OF X
"

1 2¢((+/(X22))¢(2X))~((MEAN X)22)
v

VMEANL D)V
v Z+MEAN X

[}

: COMPUTE THE MEAN OF X
27X 49X

v
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APPENDIX [ = ESTIMATES CF TOTAL ARCHITFCTUFAL DISCFEPANCIES

B-52D SPN/GEANS ENGINEERING CHANGES

MCNTHS SINCE FIRST SHIP: 0 1 2 2 4 5 6
CUMULATIVE ECs: 0 15 17 19 20 25 26
ESTIMATE OF C SQUARED ERROR

113 320.35137

70 272.04194

4€ 207.972311

37 140.829¢2

32 91.88000

29 E4.96710

28 42.763€3

27 34.35369

TOTAL PROJECTED ARCHITECTURAL CISCEFEEANCIES
(SQUARED ERROR TECHNIQUE) = 27

BE~-S52D SPN/GEANS ENGINEERING CHANGES

MCNTHS SINCE FIRST SHIP: 0 1 2 2 4 5 6

CUMULAIIVE ECs: 0 18 17 19 20 2% 26
ESTIMATE OF C CORREIATICN CCEFFICIENT

113 -.9159¢C

70 -.92712

48 ~.94218

37 -.95714

32 -.$6556

29 -.96672

30 -.96726

TOTAL PROJECTED ARCHITECTURAL CISCFEEANCIES
(CORFELATION COEFFICIENT TECHNICUE) = 30

1980
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MCNTHS SINCE FIRST SHIP:
CUMULATIIVE ECs:

MCNTHS SINCE FIRST SHIP:
CUMULAIIVE ECs:

MCNTES SINCE FIRST SHIP:
CUMULATIVE ECs:

ESTIMATE OF C

112
68
46
33
30
27
28
29

FINAL FEPCR1

ENGINEEFING CHARGES

0 1
0 0

13 14 1S
14 1S 15

26 27 28
22 22 22

SQUARED EEREOR

431.75694
323.247¢8
196.4811¢
91.1€230
46.95c¢%3
59.01848
46.65670
4y.0uQSc

P o )

6
9

19
20

32
24

Fekruary 29,

11 12 13 13

21 22 23 24
20 22 22 22

CoLTTL TR

TOTAL PROJECTED ARCHITECTURAL TISCFEEANCIES
(SQURRED ERROR TECHNIQUE) = 29

A-7 ENGINEERING CRANGES

MCNTHS SINCE FIRST SHIP: 6 v+ 2 2 4 5 6 7 €& S 10 11 12
CUMUOLATIIVE ECs: 60 0 2 2 2 6 9 9 11 12 13 13 14
MCNTBS SINCE FIRST SHIP: 13 14 15 1€ 17 18 19 20 21 2z 23 24 2
CUMULATIVE ECs: 14 1% 15 1€ 17 17 20 20 20 z2 22 22 22
MCNTRS SINCE FIRST SBIP: 26 27 28 29 20 31 32 23 4
CUMULATIIVE ECs: 22 22 22 22 22 22 24 24 24
ESTIMATE OF C CORFEIATICN COEFFICIENT

112 -.S5€E59

68 -.96407

46 -.97126

35 -.278¢£2

30 -.982¢5

27 -.98z81

28 -.98411 .

TCTAL EROJECTED ARCHITECTURAL DISCEFEEFEANCIES

(SQURRED ERROR TECHNICUE) = 29

D=2
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S/370 MODEL ENGINEERING CPFANGES

.l MONTHS SINCE FIRST SHIP: 0O 1 2 3 4 5 6 7 € < 10 11 12
i CUMULATIVE ECs: 0 4 8 11 14 19 21 26 29 3G 34 35 35
MCNTHS SINCF FIRST SHIP: 13 14 15 1€
CUMULATIVE ECs: 37 41 42 uy
ESTIMATE OF C SQUARED ERFOR
122 97.82u478
€3 23.€4729
64 19.76¢<86
73 19,u23¢¢
68 16.81260

TOTAL FROJECTED ARCHITECTURAL CISCREEFAKRCIES
(SCUARED ERROR TECHNICUE) = 68

S/370 MODEL ENGINEERING CEANGES

MCNTHS SINCE FIRST SHIP: 0 v 2 2 4 S 6 7T € S 10 11 12
CUMULATIVE ECs: 0 4 8 11 14 19 21 26 2S5 30 34 35 35
MCNTRS SINCE FIRST SHIP: 13 14 1S 1€
CUMULATIVE ECs: 37 41 42 uu
ESTIMATE OF C CORRELATICN CCEFFICIENT

122 -.99267

83 -.99¢c38

64 -.99€37

73 -.99615

68 ~.99€39

66 -.99€41

TOTALI PROJECTED ARCHITECTURAL DISCREEANCIES
{(CORPELATION COEFPICIENT TECHNICUE) = 6€
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APPENDIX E - CERTIFICATION INTFRFACE LCCUMERT

DESCRIPTION

Certification 1Interface Dccument serves as a means of
ccemunication between SEAFPAC and the vendor for the certification
fIccess.

FINAL PEPCRT Fetruary 29, 1980

This dccument contains detaileé information cf the following é

Certification System Hardware Ccrfiguraticn

Certification Scenaric

- Schedule of Events

Physical Resources Available tc the Vendcr

- Power

- Space

- Cooling

- Access Tiges s

Vendor Provided Bardware

- MIL-STD=-1750 Ccmputer tc ke Tested
- MIL-STD=-1553 I/C Channel
- Cables

Vendor Provided Software
- I/0 Subroutine Descriptions

SEAFAC Provided Software

- Support Software
- Certification Program Source (two - AVP and Kandom)
- Bootstrap Frogram Source

Vendor Certification Personnel Recuirements
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g . SEAFAC Certification Perscnnel
' - Observer
‘ - Technician

Coordinator

ool o
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